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SYNOPSIS

Thi , ,ippendlx presents the results of studies completed by the
(,;ov.Ial /one Subcommittee of the International Lake Erie Regulation
;lijdy Roard, which was established by the International Joint Commission
Iin May 1977.

rh,, purpo'ef) of the 'tudles was to determine the economic effects of
ch,ii.,r.s in level,; and flows on the coastal zone. The methodologies used
tor ovaluating alternative regulation plans for flood and erosion damage
Indicato by Inke, Interest and country, the amount and distribution of
benefits or losses. Results of the evaluation of selected regulation
planq are presented.

It was necessary to make a number of assumptions regarding physical
processes, future levels and soclo-economic conditions. Sensitivity
analyses were conducted to evaluate the effect of altering some of these
assumptions. Descriptions of these assumptions b,,6 the sensltlvtty
analyses are contained In this appendix.

Water Intakes were evaluated for effects of fluctuating lake levels
by romparing pumping costs for basis-of-comparison and regulated lake
(w.Iv(l conditions.

Cerlain regulation plans were selected by the International Lake
ri i(, ' Pp(JIatlnn Study Roard to be evaluated both qualltatIvely and

(uantitatively for tho effects of lake levels provided by a specific
plan a , compa rd with thn bases-of-comparison levels. The evaluations
carried out for eroesion, Inundation and water Intakes were completed for
selncfc-J plans 25N, 15;, and 6L.

7he results of the entire study, as well as findings and conclusions,
are provided in the Iniernational Lake Erie Regulation Study Board's
Report, "Lake Erie Regulation Study".
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Section 1

I NTRODUCTION

1.1 General

The Governments of Canada and the United States Jointly requested
on February 21, 1977 that the International Joint Commission CIJC)
undertake a study to determine the feasibility of limited regulation of
Lake Erie. In particular, this study was to "... examine and report on
the effects of such limited regulation with respect to:

(a) Domestic water supply and sanitation;
(b) Navigation;
(c) Water supply for power generation and Industrial purposes;
(d) Agriculture;
(e) Shore property, both public and private;
(f) Flood control;
(g) Fish and wildlife, and other environmental aspects;
(h) Public recreation; and,
(I) Such other effects and Implications which the Commission

may deem appropriate and relevant."

The Governments requested that the Commission, upon availability of
adequate funding, proceed with the study as expeditiously as practicable
and report to the Governments. This Appendix forms part of the Final
Report of the International Lake Erie Regulation Study Board to the
International Joint Commission.

1.2 Organization

In order to carry out the study, the Commission established the
International Lake Erle Regulation Study Board which consisted of four
Cnnadlan and four United States members. The Study Board then appointed
a Working Committee to expedite the study. Under the Working Committee,
six Subcommittees were designated, each containing equal representation
from both countries. In addition, the Working Committee established two
work groups - the Ad-Hoc Economics Working Group and the Ad-Hoc Public
Information Group. The six Subcommittees were:

1. Regulation Subcommittee;
2. Coastal Zone Subcommittee;
3. Power Subcommittee;
4. Environmental Effects Subcomittee;
5. Navigation Subcommittee; and,
6. Regulatory Works Subcommittee.
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It was the purpose of each Subcommittee to review all pertinent
past studies to determine what data are available for use In the evaluations.
The International Great Lakes Levels Board (IGLLB) Study, "Regulation of
Creal Lakes Water Levels," December 1973, was used as - etarting point
for updating and modifying previously developed methodologies. The 1977
Reference is outlined In the Study Plan for the International Lake Erie
Regulation Study Board, approved September 14, 1977.

1.3 Coastal Zone Study Process

In accordance with the February 21, 1977 letter to the International
'Joirt Commission from tVe Governments and the Directive of the International
,Joint Commission to the International Lake Erie Regulation Study Board,
dated Maiy 10, 1977, the Coastal Zone Subcommittee evaluated the economic
Offoct,. of regulation plans on certain coastal zone interests on the
(reot Lakes, their connecting channels and St. Lawrence River. Factors
to be evaluated included physical damage and property loss due to erosion
and Inundation, effects of varying water levels on maTlne structures,
and, domestic and industrial water supply facilities. In carrying out
its afsigned work the Subcommittee accomplished the following tasks:

1. Compiled and updated existing physical and economic data on
the coastal zone;

2. Prepared loss functions for erosion and Inundation damages
and water intakes pumping;

3. Developed detailed methodologies for evaluating shoreline
damages due to erosion and Inundation and effects
on water Intakes pumping due to pressure head alteration
from lake level changes;

4. Ivaluated erosion and inundation damages in the coastal zone
and determined effects of regulation plans on water Intakes
pumping costs using methodologies developed In "3" above.

. Conducted sensitivity analyses on some of the major assumptions

used in the development of the detailed methodologies;

6. Prepared coastal zone study reports;

7. Prepared Information for the public participation program;
and,

B. Compiled a detailed Appendix for the International Lake Erie
Regulation Study Board's final report.

The above tasks were performed in accordance with a schedule
determined by the Working Committee.

1. Although marine structures were listed In the Directive for evaluation,
Ihey were eliminated after preliminary evaluation for reasons discussed
in Section 3.4.

C-2



1.4 lind Il,,e

IlIh toral Ion(lth of the Great Lakes-St. Lawrence River system
.horellno, including islands, Is approximately 12,100 miles. See Table
(-I. In the United States there are about 5,30u miles of shoreline,
which includes all the shoreline In eight states: Minnesota, Wisconsin,Michiian, Illinois, Indiana, Ohio, Pennsylvania, and New York. In
radnadi, there are about 6,800 miles of shoreline made up from the
P'rovinces of Ontario and Quebec. The shoreline characteristics range
from oxtremply flat lowland areas, highly susceptible to flooding (such
as the St. Clai Flats), to high bluff areas, some of which are highly
erodible till, (such as in southern Lake Michigan along the Michigan
shore and the north central shore of Lake Erie) to impregnable rock
bluffs (as are typical along most of the north shore of Lake Superior).
See I igure C-1.

lhe Great Lakes basin economy is predominantly Industrial, utilizing
the tranfsportation, power and water supply advantages offered by the
(Ireat Lakes - St. Lawrence River system. In addition, there is signifi-
cant agricultural, mining and forestry product:.:. Commercial fishing,
historically one of the oldest activities, has declined in economic
importance relative to Increased tourism. Programs to rehabilitate
fisheries are presently underway. While the entire basin is affected by
the levels of the Great Lakes, the coastal zone Is most directly impacted
by fluctualing lake levels. The coastal zone contains valuable land
which has been developed by many diverse and sometimes conflicting
i nterests.

A major use of coastal land is for residential purposes, both
permanent and seasonal. Residential uses incur most of the damage from
ntorms cue to either the absonce or Ineffectiveness of protective works
constructed along shoreline that is susceptible to flooding and/or
erosion. Another major use of the coastline is for public and private
rrcreu.tlon. Parks, beaches, boating facilities, forest preserves, and
other type , of recreational developments abound along the shoreline.
Recreatlonal boating facilities are sensitive to fluctuations In lake
lvel,; In that their docks and ancillary structures may be inundated or
l fl high and dry, preventing normal usage. Other users of coastal land
inrltudr, mjrine transportation facilities, industries and electric power
i) 1ants.

Much of the basin land can accommodate each and every use. Avail-
.illity for any particular use Is determined by the characteristics of
the shore type, land cover, accessibility, and the current uses of the
-.ler ifi(: ared and adjacent land.
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Table C-I - Length of Great Lakes Shoreline

(Miles)

Shoreline In Canada In United States

Mainland Islands Mainland Islands

Lake Superior 866 615 863 382

St. Marys River 66 63 29 8

Lake Michigan 0 0 J400 238

Lake Huron 1270 1720 580 257

St. Clair River 30 5 28 0

Lake St. Clair 71 43 59 84

Detroit River 30 33 30 39

Lake Erie 368 29 431 43

Niagara River 33 3 36 34

lake Ontario 334 50 300 28

St. Lawrence River -

Above Power
Dam 150 188 151 164

Below Power
Dam 445 435 9 0

C-4
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TYPICAL SHORE TYPES

I j
UPI

FIGURE C-i C-5



In the International Joint Commission report to the Governments of

(andicJ and the United tates, "Further Regulation of the Great Lakes,"

V16 (1 i076) one of the conclusions was that future damages can best

b! control ld by the enactment of land use controls. The Commission

recommended that appropriate authorities act to Institute land 
use

zoninq and structural setback requirements so as to reduce future Great

Lakes shorellne damage. The Canadian and Ontario governments have

completed flood and erosion susceptibility mapping which shows 
a 100-

year erosion limit based on long-term erosion rates and the 1% flood

contour. Those maps and a guide for their use have been distributed to

municipalitls and conservation authorities to aid them In developing

land use regulations. Under the October 1976 Canada-Quebec Flood Risk

Agreement, flood zones In the Montreal region were designated In May

1978. Future development In the flood prone areas has thereby been

regulated by government policies and development In the susceptible

areas will be restricted through land use zoning regulations. The
United States has Instituted a federal Coastal Zone Management Program

which Is administered on a voluntary basis by the Individual States
through the National Oceanic and Atmospheric Administration (NOAA).
Even with these programs, however, there Is concern that some development
may continue In many of the Inundation and erosion susceptible areas of
the coastal zone.

Presented in the following sections is a summary of existing
shoreline use and the problem areas which would likely be most affected
by further regulation of Great Lakes water levels. A more complete
doscription of the damage data Is contained In Section 2 of this Appendix.

1.4.1 United States Shoreline

The Great Lakes Basin Commission (GLBC) was contracted, In 1977, by

the U.S. Fnvlronmental Protection Agency to compile land cover Information
for the entire U.S. Great Lakes drainage basin utilizing LANDSAT satellite
data collected during the Springs of 1976 and 1977.

The U.S. Army Corps of Engineers requested and funded the GLBC
staff to reformat the data to cover all Great Lakes shoreline counties
and approximately a 1,000-foot strip along the shoreline, corresponding
roughly to the coastal zone. The work was completed In 1978 and Is
summarized by lake In Table C-2.

As part of the contract, the GLBC compiled projected land-use by
county based upon the best available Information. The land-use data

projectionn for the rreat Lakes coastal counties were compiled essentially
from the publications Issued by water quality management agencies In the
Greaf Laker basin. At the time of the study not all of the twenty-nine
agencies had completed their data collection. As a result, the projections
were not of a consistent quality for the entire basin. However, the
general trend along the coastal zone appears to be a slow Increase In
population with a gradually decreasing rate of development. Based on
U.S. Great Lakes States data, coastal zone development during the next

20 to 50 years could Increase from 10% to 30% In many areas throughout
the Creat Lakes, depending upon the effectiveness of coastal zone
management programs.

C-6
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1.4.2 CanadlAn Shoreline

A-. psrt of the Canada-Ontario Great Lakes Shore Damage Survey, the
I,-nd u';e of the shoreline was tabulated from Port Seve.., on Lake Huron
i() ornwall on the St. Lawrence River. For the shore of Lake Superior
*ird tho remainder of Lake Huron, land use data from the International
(;roat lakes Levels Board study were used. The federal-provincial St.
Lawronce River Study Committee collected land use Information for the
Canadidn Reach of the St. Lawrence River. This Information Is presented
in Tables C-3 and C-4.

Ii is not anticipated that there will be a major Increase in property
development along the Canadian shoreline. Land use regulations and
construction setback requirements currently being implemented are expected
to prevent large scale development In areas susceptible to flooding and
erosion.

1.4.3 Problem Areas

United Stat"8 : For the period 1972-1976, about 60% of the total
damages were Incurred on Lakes Erie and Michigan, with about $119 million
and $91 million, respectively, Including costs of protective measures.
The Lake Erie shoreline Is essentially all low lying erodible bluff with
extensive development along the entire shoreline. It Is this development,
together with the shore type and elevation, which makes the Lake Erie
shore so prone to damages. While Lake Michigan has a much greater
variety of shore types with a higher level of undeveloped and forested
land, the large damages Incurred were primarily the result of its shoreline
length.

In the United States, with the more Intensive use of the coastal
zone, the potential damages from erosion and Inundation will increase
both In developed areas that are currently experiencing problems as well
as those areas which are presently being developed or will be developed
In the future.

rigure C-2 shows the major areas which are affected by flooding and
Figure C-3 shows the areas most affected by erosion and the degree of
erosion severity along the Great Lakes shoreline.

Canada: Areas of the Canadian shoreline that are affected by
erosion are shown In Figure C-3. The most severe problems are on western
Lake Ontario, much of Lake Erie, and southern Lake Huron. These areas
are mainly erodible bluff, with much of the erodible portion of the
Lakes Ontario and Huron coastal zone heavily developed.
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Table C-3 - Land Use Along Province of Ontario Shore

(Miles)

Superlora  Hurona  St. Clair Erie Ontarlob

[esidential 12 244 35 164 269

Commercial 106 169 5 8 34
& Industrial

Aqricultural 1,250 2,169 33 145 422
& Forest

Recreational 131 525 43 62 307

a - Approximate

b - Includes St. Lawrence River to Cornwall

Tablo C-4 - Land Use, St. Lawrence River, CornwalI-Trols-Rivi-res Shore

(Miles)

Urban 320

Industrial 30

Roads 70

Agricultural 210

Forest 250
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Arnu,; that had moderate to severe flooding problems are shown In
liqlure (-2. ihe Montreal area, and the south shore of Lake St. Clair
suffer the most severe damages. Both of these areas have extensive
shoreline developments.

In Canada, land use controls and setback requirements are currently
boing implemented In many areas and will increase In the future as

coastal 7one management programs become more effective. It is antici-
p.ted that shoreline usage will not continue to shift from undeveloped
lo developed In susceptible areas.

Summany: Regulation of the Lake Erie levels can Impact positively
with respect to reducing the amount of damage caused by erosion and
Inundation. However, should adequate land use regulations be effectively
implemented In both countries, lake level regulation would have a lesser
impact in reducing future damages. While lake regulation can effect
some change in the overall regime of levels and flows, It should be
noted that this regime Is primarily the result of the water supplies to

the Great Lakes basin. Thus, flooding and erosion will Tontinue to be

permanently assoclated with the Great Lakes system. Restricting development

on exposed bluffs, flood plains and similarly susceptible areas will
play the largest role In minimizing future problems. This can best be
accomplished through effective coastal zone management programs.

1.5 Basis-of-Comparison Conditions

The major goal of this Study was to determine the feasibility of
limitd regulation of Lake Erie. At the present time, Lakes Superior

and Ontario are regulated. Moreover, there are a number of diversions

into, within and out of the Great Lakes system, all of which Impact on

the levels and flows of the Great Lakes and St. Lawrence River system.

Over the years, man has changed some of the physical conditions on
the Great Lakes and Its connecting channels. In order to provide a

uniform set of physical characteristics, certain conditions were assumed

to be extant throughout the period of historic levels and flows considered
(1900-1976). This set of physical characteristics, the basis-of-comparison

(130C), was also used to measure the relative costs and benefits of

requlation plans. The basils-of-comparlson conditions are:

1. Lake Superior regulated In accordance with Plan 1977;

2. Lake Ontario regulated during the period 1900-1959 in

accordance with Plan 1958-D and during the period from

1960 to 1976 with Plan 1958-D with the discretionary

deviations that occurred in actual practice;

3. A constant diversion of 5,000 cubic feet per second (cfs),

Into Lake Superior from the Albany River Basin via the

Long Lake and Ogoki Diversions;
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4. A (on',tant diversion of 3,200 cfs out of Lake Michigan
It Chicago into the Mississippi River Basin;

. A constant diversion of 7,000 cfs from Lake Erie into
Lake Ontario through the Welland Canal;

6. 1q62 conditions for Lake Huron's outlet channel;

7. 1953 conditions for Lake Erie's outlet channel; and,

8. Recorded conditions for the Ottawa River and local Inflow

through the St. Lawrence River.

The historical water supplies were routed through the Great Lakes
system, using the above conditions. The effects of changes In channels,
diversions and lake regulation were thus removed. These basis-of-
comparison conditions are described further, below.

1.5.1 Lake Superior Regulation

By Orders of Approval dated 26 and 27 May, 3914, the International
Joint Commission established the International Lake Superior Board of
Control to oversee the regulation of Lake Superior on behalf of the
Commission. Since the completion of the Compensating Works in the St.
Marys River in 1921, the outflow of Lake Superior has been fully regulated.
The Compensating Works, consisting of 16 gates, along with three hydropower

diversions, allow outflows from the lake to be greater or less than

those that would occur naturally.

On October 4, 1979, the Commisslon amended Its 1914 Orders of

Approval and changed the objectve for regulating Lake Superior to take

Into consaderaton the downtream conditions on Lakes MSchigan- Huron.
To accomplish this, the Commission adopted Regulation Plan 1977. Although

Plan 1977 was Implemented In October 1979, the historic supply conditions

from 1900 through 1976 were used to compute outflows and levels. These

computed outflows and levels under Plan 1977, modified by dredging Ini ! the connectling channels In 1933 and 1962, constitute the basis-of-
comparison condition for the upper Great Lakes.

1.5.2 Lake Ontario Regulation

The International Joint Commission, by Orders of Approval dated

October 29, 1952, and a Supplementary Order, dated July 2, 1956,

authorized the construction of certain works for power development In

the International Rapids Section of the St. Lawrence River (the Inter-

national Rapids Section is just downstream of Lake Ontariol. As a

result of these Orders of Approval, Lake Ontario's outflow has been

controlled since July 1958 and the lake has been regulated since 1960.

Regulation has been In accordance with criteria set forth In the October

29, 1952 Orders of Approval and subsequent directives. The current

approved regulation plan Is Plan 1958-D, and levels and flows associated

with this plan are used as the basls-of-cmparlson for Lake Ontario and

the St. Lawrence River.
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Control Works on the St. Marys River at

Sault Ste. Marie.

Aerial view of St. Lawrence River Control

Works at Cornwall, Ontario and Massena, N.Y.
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';u(,o s,,ive man-made changes over the past have affected the recorded
I.ak, o)ntairiro levels and the St. Lawrence River flows. The two principal
(.,,,ns tire diversions into and out of the Great Lakes basin and the
,ltorition' in the configuration of the channe'!3 of the St. Lawrence
Rivr. iho basis-of-comparlson was adjusted to account for this. These
"re;corded adjustted" levels take Into account present diversion rates and
ut;e the March 1955 configuration of the Lake Ontario outflow channels.

Ii should be noted that regulation of Lake Ontario has no effect on Lake

I'rie outflows due to the discontinuity between the two lakes, about 175

f~~. of which occurs at Niagara Falls.

1.5.3 Diversions

A number of diversions affect the levels of the Great Lakes. On

Lake Superior, about 5,000 cfs are diverted Into the Great Lakes system
through the Ogokl and Long Lake projects. This water would normally
flow north to Hudson Bay. At Chicago, about 3,200 cfs are diverted out

of the Great Lakes basin into the Mississippi River basin. These

diversions cause a net average Inflow of 1,800 rfs Into the Great Lakes.

Another diversion is Into the New York State Barge Canal system.
The Canal diverts about 700 cfs from the Niagara River to Tonawanda

Creek. Also, between Lakes Erie and Ontario there is a diversion
through the Welland Canal. This canal, which has a series of locks,

allows ships to proceed between Lakes Erie and Ontario and provides

water to the DeCew Falls hydroelectric stations. It runs from Port

Colborne, Ontario on Lake Erie to Port Weller, Ontario, on Lake Ontario,

thereby passing west of Niagara Falls. The International Great Lakes

Diversions and Consumptive Uses Study Board has reported that since 1977

the usage has been about 9,400 cfs.

For the basis-of-comparlson conditions, It was considered that all

of the diversions were in operation for the period of record. The
outflows and levels were adjusted accordingly. Appendix A - Lake

Requlation -gives further details relating to diversions and basis-of-
comparison conditions.

The effects of varying the rates of these diversions were studied

by the International Joint Commission's International Great Lakes

Diversions and Consumptive Uses Study Board. A report detailing its

methodology, findings and conclusions Is available.

1.6 Development of Regulation Plans

Limited regulation of Lake grie would result in extra water from

the lake being released during high water level conditions. A number of

plans were developed to accomplish this end. The plans would release

nxtra water during periods of high levels, but would not hold back water

during low level periods. Therefore, the structural alternatives considered

do not allow complete control of Lake Erie's outflow, such as a dam
would provide. Three of the most promising plans were chosen for
detailed analyses.

C- 17
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1.6.1 Regulation Plan 25N

This plan would Involve placing a gated structure In the Niagara
River near the Peace Bridge. The structure would eytend part way
across the river. Some dredging would be required In the Niagara River
to allow an Increased flow of up to about 25,000 cfs.

As In all of the regulation plans, the lakes which would be either
partially or fully regulated are Superior, Erie and Ontario. The N for
this plan denotes a Niagara River structure and the 25 refers to an
increased outflow maximum of 25,000 cfs.

1.6.2 Regulation Plan 15S

This plan would Involve utilizing a diversion canal across Squaw
Island, as denoted by the S, controlled by a single gated structure.
The structure would be designed to Increase Lake Erie outflows by 15,000
cfs during periods of extreme supply conditions. However, due to
backwater effects In the main channel of the Niagara River, and operation
of the Black Rock Canal for commercial and recreational boating, the
design discharge Is effectively limited to a 9,600 cfs increase. No
dredging would be required. Some bank protection at critical areas of
the Black Rock Canal would be needed.

1.6.3 Regulation Plan 6L

This plan would modify the existing Black Rock Lock to permit
diversion flow through the lock chamber. As with Plan 15S, some bank
protection would be necessary. The Black Rock Lock Is currently being
used by both recreational and commercial vessels during the navigation
soa on. Periodic (daylight) lockages, plus a slight backwater effect,
would reduce the effective maximum Lake Erie outflow Increase from the
6,000 cfs design discharge to about 3,700 cfs.

Appendix B, Regulatory Works, gives more details about the structures
for those three plans.

1.6.4 Lake Ontario Regulation Categories

Limited regulation of Lake Erie would result in a higher supply of
wdter to Lake Ontario when the levels of Lake Erie are high. This could
rn!,ult In supplies that are In excess of the supplies that Plan 1958-D
was designed for. To account for the Increased supplies, and to satisfy
the criteria established for the regulation of Lake Ontario, a number of
alternatives were considered. These were reduced to four categories.

Cateot4 1: Category I considered no change In the regulation of
Lake Ontario. It Is the basis-of-comparlson condition. The Increased
supply to Lake Ontario would be handled by using the discretionary
authority In Plan 1958-D.
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Categojy 2: Category 2 would change the regulation of Lake Ontario
by ,i',di flc .tIorn of Plan 1958-D to accommodate Lake Erie regulation so
lhol the lake Ontario criteria are satisfied to the same degree that
,(.urred under the hL.toric test and under opertl!on since 1960 as
roprosentod by ther basis-of-comparison.

Categtoy 3: tnder Category 3 the St. Lawrence River channels would
h' altnred (i.e., dredged) as necessary to accommodate combined regulation
of l akou Frie and Ontario. A new regulation plan for Lake Ontario is
il-o considored which would satisfy all the Commission's criteria over
the entire period (1900-1976).

Cate ¢oy 4: Category 4 would regulate Lake Ontario without regard
to downstream conditions, as required in the present Orders of Approval.
The St. Lawrence River channels and the Orders of Approval would be
modified, If necessary. Since the project proved economically infeasible
prior to Category 4 study Initiation, a detailed evaluation of Category
4 was not attempted.

1.7 Adjusted Basis-of-Comparison

In order to meet the requirements for combined regulation of Lakes
rrie and Ontario, channel excavations would be required in the St.
lawrence River. In Category 3 study, an adjusted basis-of-comparison
was developed for the purpose of defining such excavations.

The adjusted basis-of-comparison was developed with the same
conditions as for the basis-of-comparison, except that the regulation
plan for Lake Ontario was modified so that the resulting water levels
arid outflows satisfy the IJC's criteria and other requirements. Channel
enlarqements were assumed to exist throughout the historic perlad (1900-
1976) to facilitate the modified Lake Ontario regulation plan.

A detailed description of the adjusted basis-of-comparlson is

contained In Appendix A, Lake Regulation.

C 1
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Section 2

DATA UTILIZED

/.I Rach D)ata

The United States and Canadian shores of the Great Lakes and their
ronnnctinq channels were divided Into 37 and 45 reaches, respectively.
Roaches were Identified by numerical designations. The U.S. reaches are
those used In the International Great Lakes Levels Board Study Report,
19/3. rhe Canadian reaches were the same as those used for Canada-
Ontario Great Lakes Flood and Erosion Prone Area maps. Reaches were
chosen so as to have~similar onshore and offshore physlographic characteristics,
orientation and fetch length. The reaches are shown on location maps
for each of the Great Lakes (Figures C-4 to C-8).

2.2 Damage Data

The data used for the estimation of inundation and erosion damages
differed greatly as different data bases were available. In the United
States, estimates of shoreline flooding and erosion damages for the
1972-76 high water period were obtained from the U.S. Army Corps of
E:nglneers' Great Lakes Shoreline Damage Survey. In Ontario, flood
dimages were obtained from the 1972-73 Canada-Ontarlo Great Lakes Shore
[)Dimage Survey (GLSDS). Future erosion damage was estimated based on
property data figures available from the GLSDS, obtained from Regional
Assossment Offices, and on recent erosion rates. In Quebec, flood
ramage estimates were based on government compensation payments for the
1q74 and 1976 floods. Table C-5 briefly compares the three data sources.

2.2.1 United States

Shore property owners in the Great Lake States became concerned
that damage estimates from the early 1950's did not adequately reflect
tho, increased shoreline development that has occurred since 1952. As a
result, the Corps of Engineers was asked to conduct a study that would
determine the extent of damages due to the more recent high water levels.In the period of time between Labor Day 1972 and Labor Day 1976 some
lakes reached historic high water levels. In an effort to determine the
economic Impact of water levels on damage to the shoreline, the U.S.
Army Corps of Engineers Initiated and Implemented an extensive damage
survey covering the entire U.S. shoreline. The results showed that
during that 4-year period of time there were In excess of $375 million
In damages and costs of protection attributable to the combined effects
of erosion and Inundation along the coastal zone. During the period of
high water, the U.S. Army Corps of Engineers spent some $27 million tn
advanced temporary flood protection measures which prevented an additional
estimated $132 million In damages. The study, completed In 1978, was
conducted under the continuing authority of 1952 legislation that hasprovided for a series of studies on Great Lakes water levels.
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Damage SuiwV O gJan zation and Pa&. tjp.nU: This survey was a
cooperative sffort botween the Corps of Engineers and the involved States.

To assuro thai the damage ostimates would be acceptable to all parties, the

States wore fully involved in the survey process. The States' approval,

through the Great Lakes Basin Commission's Standing Committee on Coastal

/ono Managemf-nt, was obtained for the survey methods used.

amaoe Suvey Me thod6: Information about damages to residential
properties was obtained by sending property owners an 8-page questionnaire.
This questionnalre wa, designed to determine flooding and erosion damages,

1he co,;ts of measures to prevent potential damage, and the nature of
possibln future damages.

When the damage survey began, questionnaires were sent to every
shore property owner in an 11-county pilot area for survey. Subsequently,
a 201 random sample of the owners in the remaining study area was surveyed.

Information about nonresidential properties was gathered through
.pecialized Interview forms. Because nonresidential properties are more
diverse and less numerous than residential, the survey tor nonresidential
locations aimed at 100% coverage for the entire survey. Initially,
personal interviews were used to collect the data about nonresidential
properties. Later, the Information was obtained through telephone and
mall procedures.

County property-tax records were the main source of addresses for
the survey malting lists. Those properties Included on the master list
are lther on the shore front, or at elevations where flooding is estimated
to have a 1% chance of occurring annually.

In accordance with the Federal Privacy Act, those surveyed were
Informed of the voluntary nature of their responses and also that the
names and addresses compiled for the study would not be disclosed.

1he Information was collected over the period from 1972 (when the
high water levels began) to 1974, 1975, or 1976. Most of the data
collected covered the period 1972 to 1976. Table C-6 shows the damages,
by reach, for the survey period and Table C-7 shows the Agencies that
participated In the Damage Survey.

2.2.2 Canada

Onta.io: The high water levels of the early 1970's and the resulting
shore property damage led the Federal and Provincial Governments to carry

oul an Inventory of the damages. Known as the "Canada-Ontario Great Lakes
Shore Damage Survey", the survey covered the 13-month period from November
1972 to November 1973. Since shore damages were not significant on Lake

Superior and Georgian Bay, the survey extended from Port Severn, Simcoe

County, on (eorgian Bay to Gananoque, Leeds County, on Lake Ontario. The

r)amage Survey included the St. Clair and Detroit Rivers, but not the Niagara
River. Only properties that had direct contact with the shore were considered.
1he e'timated total damages, costs of new protective structures and flood
related oxpenditures for the 13-month period totalled in excess of $28.4
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TUle C-6 - United States Shorel.ine Damage Survey Results

Ik ch Survt- Period Erozion Dama ea Inundation Damage Total Damage

201 1972-75 4,229,000 28,600 4,257,600
:11 19/2-7!, 4,725,300 2,756,000 7,481,300

1912-75 3,928,900 547,200 4,476,100
?004 1972-76 311,000 0 311,000
2(10'. 1972-76 5,009,900 729,600 5,739,500
Lut, tutil 18,204,100 4,061,400 22,265,500

30(11 1972-76 18,644,500 6,783,400 25,427,9003002 1972-76 10,710,600 21,382,000 32,092,600
3u03 1972-76 7,826,800 1,589,600 9,416,400
)O(4 1972-76 4,292,700 1,782,000 6,074,700
Subtotal 41,414,600 31,537,000 73,011,600

4001 1C72-76 1,730,500 7,046,000 8,776,500
4UI" 1972-76 1,372,300 2,537,400 3,909,700
Sublotol 3,102,800 9,583,400 12,686,200

50(11 1 ' /'-/ 812,700 2,990,100 3,802,800
S002 1972-76 355,300 60,200 415,500
5003 1972-76 2,690,000 372,400 3,062,400
5004 1972-76 953,000 4,899,200 5,852,200
50!.)', 1972-76 155,000 708,600 863,600
5006 1972-76 7,190,200 557,700 7,747,900
Subtotal 12,156,200 9,588,200 21,744,400

7001 1972-76 159,500 133,700 293,200
7002 1972-76 1,573,200 81,200 1,654,400
70W' 1972-76 1,853,500 2,260,700 4,114,200
7004 1972-76 951,100 7,300 958,400
7()',, 1972-75 6,193,600 0 6,193,600
700(. 1972-75 4,863,500 2,614,800 7,478,300
7007 .1972-76 4,439,800 72,600 4,512,400
700h 1972-76 766,000 24,800 790,800
7009 1972-76 4,959,300 305,600 5,264,900
7010 1972-76 113,700 82,100 195,800
7011 1972-75 996,900 354,300 1,351,200
7012 1972-74 134,200 343,800 478,000
701.3 1972-75 1,262,500 359,700 1,622,200
Subtotal 28,266,800 6,640,600 34,907,400

())1 1972-75 333,300 23,600 356,900
9002 1972-75 462,500 1,355,200 1,817,700
9003 1972-75 474,800 261,700 736,500
9004 1912-76 358,000 85,000 443,000
9005 1972-76 188,000 73,100 261,100
9006 1972-76 1,465,800 16,900 1,482,700
9007 1972-76 800,300 254,300 1,054,600
Subtolal 4,082,700 2,069,800 6,152,500
Qrand
Total 107,287,200 63,480,400 170,767,600

a 1975 Dollars
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ldble C-7 - U.S. Shoreline Survey Agencies

. '. ltId l_/;pons I b I e Agency

MIrmnn';oto Minnesota Department of Natural Resources; sub-

contracted to Ar owhead Regional Development

Commi s ion

Wicon i n Wisconsin Department of Natural Resources; sub-

contracted to University of Wisconsin at

Milwaukee, Department of Geological Studies

MichIrjan Coastal Zone Laboratory, The University of Michigan

Illinois r)ivision of Water Resources, Illinois Department

of Transportation

Indiana Indiana State Planning Services Agency

Ohio Ohio State University

'onnrsIylvania Edinboro State College

Now York St. Lawrence-Eastern Ontario Commission and the

State University of New York at Buffalo

Nie,,: Iniilal development of survey forms and procedures by the Univ-

et.ily of Michigan's Institute for Social Research and Department of

;1 tl,.-t Ics.
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,mi ii , cotihisl ing of $8.9 million erosion, $8.0 mllIon flooding and
$11.5 million for construction of new shore protection.

D;Ljtd collected In the Inventory included propert, :lze, value, location
and flood-Induced damages. In compiling information on shoreline property
for evaluation and analysis, specific data were required. The data required
were a!, follows:

I. amourit of shore property damage;

2. shore property information (land and building values,
lot dimensions, exact location, etc.);

3. erosion-prone and flood-prone areas; and,

4. reach limits (defined by geographic considerations).

rlood damage estimates, as well as property characteristics, such as
ize and location of property, and length of frontage elong the shoreline,

were obtained for the shore properties from the Inventory previously mentioned.

lroiur, damige estimates were based on the determination of the
dmang : to each reach that would result from the loss of one foot of land
alonq the entire erodible portion of the reach. From the Flood and Erosion
Prone Area Maps the property that Is likely to erode over the next 50 years
was dciineated. The value, area and frontage of these properties were
determined from the data inventory, from which the average value per foo
of depth was calculated for the reach. This was combined with the amount
of eroion that actually occurred during all or part of the period 1972 to
1976, resulting in the estimation of the damages that occurred for that
period for each reach.

1he values obtained from the inventory were in 1973 dollars which were
adju-.led to 1970 markei conditions. Updating required different procedures
for erosion and flood damages.

The evaluation of erosion damages were based on property assessment
data. Adjustment to real market value and updating was accomplished by
uzinq data from the Ministry of Revenue Assessment Offices for shoreline
properties sold between 1973 and 1978. The sales data for each year were
totall,:d, and adjusted to the year 1978. This adjustment to 1978 values
war, done by using average housing sale values, compiled by the Canadian
Reatl Fstate Association. The total sales value, adjusted to 1978 price
levels, was then compared to the total 1973 assessment of these properties
to dr rive an adjustment factor, which was:

Adjustment Factor Total Sales value (1978)
Total assessed value (1973)
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The adjustment factor, which was developed for each reach, was used
1l) ,idjutt -the orcv;lon daimaq,; from 1973 to 1978 values. Since there was
minimal changn in the sales value of residential properties between 1978
.ind July 1970, no adjustment was made to the 1978 vp".-es to bring them
to July 1171) values.

For flood damages the adjustment factor was calculated by using the
residential building con-truction price index from the Canadian Statistical
1Peview, 1975 and 1979. This was calculated as:

residential buildlng construction Index. July 1979
residential building construction Index, 1973

I lood damages in each reach were multiplied by this factor to
prnvido a July 1979 damage value. The flood damages by reach are shown
in Table ('-8, and erosion damages by reach are shown In Table C-9.

Quebe.c: The Quebec portion of the St. Lawrence River suffered
'Pvore flood damages In both 1974 and 1976. Followinq these flood
ovnnts the Government of Quebec established the "Bureau d'aide financibre-
inondation 1974", and the "Bureau d'alde financibre-inondation 1976".
Tho' bureaus were res.ponsible for establishing procedures and criteria
lo be used In the compensation program, to receive requests for financial
aslI.lance, to assess these claims and to compensate the flood victims.
This compensation program was carried out within the framework of a
federal-Provincial disaster assistance program. Table C-10 briefly
highliqhts the procedures and flood damage criteria used In the compensation
for damagos to perman.nt residences, small enterprises, farms, equipment
and for emergency measures.

Total assistance and flood fighting costs were $3,728,000 (Dec
lq174) and $9,335,000 (Dec 1976) for these two flood events. However,
thrno figures only represent a portion of the actual damages, since the
assistance programs Involved the exclusion of some damages, upper limits
for othor damages, and deductible adjustments. Tables C-11 and C-12
Include a summary by sector and by category of damages for 1974 and
1976, respectively, In July 1979 dollars. These figures are extracted
(with required adjustments) from data compiled by the two "Bureaux
d'aId" financire".

• '. Physical fata

ihe, data base used was common for both the United States and
Canada.

2.3.1 Water Level Data

[hree types of water level data were required: I. Monthly mean
wale;r level data for each lake and each regulation plan (these data were
provided by the Regulation Subcommittee); 2. Hourly water level data
(supplind by the responsiblo Federal agencies In Canada and the United
fatos); and, 5. Monthly maximum storm rise (calculated from gage

records of the closest stations to the reaches being evaluated).
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2.".2 Meteorological Data

Hourly wind speed and direction were acquired for twenty locations
for Ihe period 1966-1976 from the responsible Federal agencies In Canada
and the U.S. The data were required for utilization it, the erosion
evaluation.

2.3.1 Physlographic Data

Overlake fetch length and lake depths for each reach were determined
u';,ing appropriate maps. Average bluff toe elevations for each reach
wore determined by the Coastal Engineering Branch of the U.S. Army Corps
of Engineers, North Central Division, In Chicago and by the Canadian
Department of Public Works In Ottawa. Beach slopes were determined from
survey reports on specific projects in the various reaches. Historic
erosion data for the Canadian shore were obtained from the Department of
Fishories and Oceans.
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Sectlon 3

EVALUATION PROCEDURES

The evaluallon procedures developed were designed with the aim of
having Identical procedures in both the United States and Canada, to the
dogree possible. The procedures were developed, for the most part, for
u ,e on high-speed computers; the software for the computer programs used
In the evaluations Is Included In Annex B to this Appendix.

I. Inundldtiun Evaluation Procedure

The procedure developed to evaluate Inundation along the Great

Lakes shoreline was based upon damage data, water level data, and the
phy-sicil characteristics of the shore.

3.1.1 Data Utilized

Damage a ata: The source of damage data varied fzr each of the
three portions of the Great Lakes - St. Lawrence River system. See
Table C-5 for a des cription of the damage data.

Wa te Leve Data: Two types of water level data were used in this
prur.edure: the monthly mean levels and the peak hourly level for each
monlh. Storm rise was calculated by subtracting the monthly mean level
fron the peak hourly level for each month. The difference was the peak
storm rise fc.- that month.

'hyiogtaphic Data: Physical characteristics for the reaches were
delerriritd usinU the bet available data. Topographic maps, flood
J.tudie,., project reports, and measured profiles were among the major
:ource,; for thi: Information.

Figure C-9 illustra-les the types of flooding which are associated
with the Great Lakes. Inundation Is an event process. It occurs
occasionally and without regularity. The Rvaluation procedure assumed
thai in .jny one month the mean water level could be combined with
recorded short-term rise, to generate a population of stormwater levels.
This population was generated, by reach, for use in deriving the stage-
damage relatlonehip.

3.1.2 Derivation of Stage-Damage Curve

1he most important aspect of the procedure was the determination of
a sta,'e-damagkj curve for each reach of shoreline. Guidelines to develop
the stage-damage curves on a consistent basis Include:
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I. T  ., .hapo of the stage-damage curves was based on the physical
.3,,I land uiu dhijraclr Istics of the shore;

2. for th. St. Ldwrence River Canadian Reaches, stage-damage
curvo, were derived from 3 points: 1974 and 1976 damage events and a
?ero point which In +he elevation at which signlfTcant damage will begin
to occur;

3. For the (;reat Lakes reaches, stage-damage curves were developed

h.'d on one or more of the following Information sources:

;i. Operation Foresight (U.S. Army Corps of Engineers) stage-
damage curves;

b. Canada/Ontario Great Lakes Shore Damage Survey results;

c. Elevation of structures on the shore;

d. Shore topography;

e. Other available flood studies; and,

f. Engineering judgment of the relative damages for levels
below and above the 1973-74 high water levels;

4. The stage-damage curves cover the entire range of possible
levels (I.e, they extend beyond the 1973-74 record or near-record levels).

Figure C-10 is the stage-damage curve for the U.S. Reach 4002 on
lake !,t. Clair. It was developed using the Operation Foresight data as
the physical basis and was calibrated to represent the actual damage
during the damage survey period.

The inundation stage-damage curve for each reach was calibrated
iring recorded monthly peak stormwater levels, one per month, for the
period of time corresponding to the Damage Survey. The shape of the
ntarle-dame-e curve was established using the guidelines noted above.
Thik curve was then calibrated to yield total recorded damages based on
recorded monthly ntormwater levels. To accomplish this, for each storm-
water level for the Survey period, the damage corresponding to that
stormwaier level was obtained from the stage-damage curve and summed.
By dividing the total of the damage units Into the total recorded inundation
damage for the reach, the damage scale was adjusted. The original
damage scale was then replaced by the calibrated damage scale to give a
calibrated Inundation stage-damage curve which was used with monthly
water level data.
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'.l.; I.l-,rmiination of 'tormwater Levels

Ar, i,.urplir mJd(, in this evaluation was that the different
regyulation plar,- wuuld affoci only the mean water level and not the
rl.o. Thi- wa , conIdered reasonable due to the general acceptance of
fth: iridoperid#9ncr, of these two factors. The combined mean water level
and rise Is referred to as the stormwater level.

In ordor to determine the stormwater level for each month by reach,
hi-.tric risn dra were combined with the mean water level for correspond-
i rig iorith,. If, for example, there were 77 years of monthly mean water
l:!velk and 2( yea.rs of monthly rise data, then each of the 20 rises was
added to oach of the 77 mean water levels for the corresponding month to
generate a population of stormwater levels consisting of 77 x 20, or
1,540 point, for each month. It should be noted that several combinations
of monthly mean levels and rises may give the same stormwater level. A
tabulation of the frequency of each stormwater level being equalled or
exceeded was completed, by month, for the points generated.

3.1.4 Calculation of Average Annual Damage

A computer program was written for the coastal zone Inundation
evalu.,tion which uillized several files containing the following Information:

1. Monthly rise data;

2. Monthly mean lake level data from the regulation plans;

3. Stage-damage curve for each reach; and,

4. A population of stormwater levels, generated from files 1
and 2, and their corresponding frequencl.'s, as described
above.

The program used the Inundation stage-damage curve and the generated
monthly stormwater levels population to calculate the damage corresponding
with every monthly stormwater level. The calculated damage was multiplied
by the frequency of exceedence (percentage) of the associated stormwater
level. The process was repeated for each monthly stormwater level
population to rqive an average monthly damage. The average monthly
damages wore summed to give the average annual damage.

I1 should be noted that monthly damages may be caused not only by a
once-a-month stormwater level, but also by other lower levels during the
mon lh. Thus, the stormwater levels are an Index of damage capacity.
The average annual damages, determined as described above, are a good
Indication of the relative benefits or losses between the regulation
plans.
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3.2 St. Lawrence River (Canadian Reach) Inundation Procedure

5.2.1 Introduction

I lood damages associated with high St. Lawrence River flows have
boen broken down into five sectors. Damages in each sector can be
related to a water level or discharge. The five sectors and the required
hydraullc Indicator In each sector are as follows:

I- Lac des Deux Montagnes - damages are a function of the level on Lac
des Deux Montagnes at Sainte-Anne-de-Bellevue.

II- Des Prairies River - damages are a function of the des Prairies V
River flow at Rapides-du-Chevai-Blanc.

III- Des Mille lies River - damages are a function of des Mille lies
River flow at Bois-des-Fillon.

IV- Lac Saint-Louis - damages are a function of the L'c Saint-Louis
elevation at Pointe-Claire.

V- St. Lawrence River between Repentigny and Trols-Rivibres - damages
are a function of the addition of flows on the St. Lawrence at
Lachine and des Mille lies and des Prairies Rivers.

The required hydraulic parameters are:

E([1M)- Elevation of Lac des Deux Montagnes;

Q(P)- Des Prairies River flow;

Q(MI)- Des Mille lies River flow;

E(SL)- Elevation of Lac Saint-Louis; U

Q(R)- Addition of the flow at Lachine, Bois-des-Filion and
Rapides-du-ChevaI-Blanc; and,

Q(Local)- Local Inflow to Lac Saint-Francois and Lac Saint-
Louis.

The above parameters are a function of the following Input parameters:

Q(Ont)- lake Ontario outflow as measured at Cornwall;

Q(Ott)- Ottawa River flow measured at Carillon; and,

Q(Local)- Local inflows to Lac Saint-Francois and Lac Saint-Louis
were estimated at 4 times the flow of the Chateauguay
River.
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l[,( rquirod parametr. r '([), Q(P), Q(MI), E(SL) and Q(R) were
(colculuted from the Input parameters QfOnt), Q(Ott), and Q(Local) using
,lh exsitinq one-dimensional hydrodynamic model for thp Montreal region.

3.2.2 Determination of Montreal Region Levels and Flows

Several procedures can be used to evaluate the effects of Great
Lnkon requlation on flooding on the Canadian Reach. A procedure was
urred which d',ierydnod the effects of Lake Ontario outflows at Cornwall
on watt-r lvels and flows in the Montreal region based on the probability
of occurrence of Ottawa River flows and local inflows.

In order to calculate the probabilities of levels and flows resulting
from various combinations of the Input parameters, some assumptions were
made reqirding the relationship between the Input data. It was assumed
that the Lake Ontario outflows, the Ottawa River flows and local inflows
arn Independent. This assumption Is thought to be generally valid as
the threeo flows result from very different hydrologic and unrelated
hydraulic regimes. The Lake Ontario outflow depends on various response
timv' (1-4 years) to meteorologic events. The Ottawa River is also a
larqn b;sin, but with vory much less storage capacity than the Great
Ljk:'.. Therefore, it has a much shorter response time. The local
Inflow results from the much smaller basins south of the St. Lawrence
River.

3.2.5 Collection of Input Data

Hydc.otogic Data: -Probability distributions of annual maximum peak
flown for the Ottawa River and the local Inflows were used. For the
Lake Ontario outflows, the maximum flows at Cornwall, occurring during
April through May, were used to establish probability distributions.

Economic Data: Stage-damage curves were derived for Sectors I and
IV; for Sectors II, Ill and V flow-damage curves were used. These
curves represent annual damage for peak annual level or flow. Figure
C-1i shows the flow-damage curve for Sector Ill.

3.2.4 Determination of Flow-Damage Curves

Since only the effects of Great Lakes regulation are being evaluated,
the outflows from Cornwall were fixed at a number of values throughout
the range of expected flows. Since flooding seldom occurs below St.
Lawrence River flows of 250,000 cfs, this was the lowest value used by
the hydro-dynamic model. The maximum flow at Cornwall Is 350,000 cfs
and this was the highest value used. Intermediate flows were also used.
The same approach was applied to the Ottawa River and the local Inflows,
the values ranging from 100,000 to 350,000 cfs, and from 0 to 120,000
cfs respectively.
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The, hydrodynrnic model was. used to calculate the output parameters
In the five !;u ior. for the different combinations of input parameters.
';1;irje-ar;srj., or fIjw-damJjqe curves were used to associate these different
c($'ni)nion-. of hydruulic conditions and their expected level of damages.
Applying the probability distribution of maximum annual peaks of the
Otiawa River and of the local Inflow to these expected levels of damages,
the Cornwall outflow-damage curve was derived. (See Annex A-3)

..5. ivaluation of Regulation Plans

lh., f:,jrnw;IlI outflow-damage curves developed from the above procedure
were used to evaluate Great Lakes regulation plans. Since the original
stage-damage and flow-damage curves represented damage for the peak
annu:jI fIred event, which usually occurs in either April or May, the
damagers were estimated by using a probability distribution of the
maximum Lake Ontario outflows at Cornwall which occurred during these two
months.

Fur the Canadian Reach of the St. Lawrence River, no methodology was
ri,.vlo-red to determine the effect of the regulation plans on erosion.
This d,.rision was made In recognition of the unavailability of data
nr'CecI(rd Ie drovrlop such a methodelogy. Since most of the damages in the
Monlrul region are due to flooding, this decision will not impact
".Ilnifirantly on the recuils of tnis study. However, any future studies
should develop such m-thodology and data.

S Frosion Evaluation Procedure

Th erosion evaluation procedure was developed using a wave hind-
castin procedure which was applied to each reach of Great Lakes shoreline.
The ,irndcasting procedure represents the state-of-the-art with regards
to using hourly recorded water levels and wind speed and direction data
to detrmine wave climates at the breaker zone. The basic components of
the prore(durp are damage data, water level data, wind speed and direction
data, and physlographic data. Although the hindcasting was done on a
year-round basis, only the months of March through December were utilized
In thr, Pvalu:jtlons. The months of January and February were not used since
the noar-shore area of the Great Lakes are generally Ice-covered during this
period, which minimizes wave attack on the shore.

. I. Pata liJtill od

Th. orosori data ulilized In this evaluation were obtained from the
sources described earlier In the Appendix. These damage data were collected
and complied separately for erosion and Inundation.

( eA Levet Va ta: Hourly water data for the period January 1967 thru
December 19/6 were acquirea on computer tapes from the responsible Federal
agencies for a number of stations throughout the Great Lakes system. A 10-
year period of data was determined to be statistically representative for
the purposes of this evaluation. Table C-13 lists the wind and water level

stations ued and the reaches associated with them.
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Wind Oata: The wind data were recorded at various stations during
l'1)G-111/b for th, periodt; nhown In Table C-13. These data consisted of
nit-hur hourly or 3-hourly values of wind speed and direction. Any gaps
ini lhe wind data of between 2 to 12 hours duration w_.-c filled by linear
,inferpolation between values on either side of the gap. If the gap was
larqer than 12 hours, nu analysis was undertaken during the periods of
miSsi U rocords.

MocdUcaton o6 Da.ta: The values of wind speed, which were recorded
ai on-land stations, were modified to represent values of over-water
wind speed by applying the curve shown In Figure C-12. The part of the
curve representing higher values of wind speed is based on the work of
Resio (Re lo, 1976). For the lower values of wind speed, the curve was
obtained as a result of a comparison of over-water and over-land wind
speeds under-taken for this study. The curve shown In Figure C-12 was
adopted by the Coastal Zone Subcommittee.

The water level data used were edited In a fashion similar to the
wind data; however, gaps longer than 12 hours were fI!ed by linear
Interpolation from values adjacent to the gap. If the gap in the water
level data was greater than 30 days, a mean monthly level was substituted
from the nearest available water level recording station.

(Wnd to Wave HZidcjt: The edited and modified hourly values of
wind speed and direction were Input to a htndcast procedure developed by
Public Works Canada. The procedure was based on equations presented by
Bretchnelder (CERC, 1973). This hindcast procedure makes allowance for
ilho history of wind speed prior to the hour under consideration. Wave
decay resulting from changes in wind direction were considered. The
rosults of the analysis were hourly values of significant wave height,
peak period, and wave direction, corresponding to the wind direction.

3.3.2 Rationale of Use of Wave Hindcast

If is well recognized that wave attack Is the primary cause of
bluff erosion. This procedure assumes that the energy of the wave is
the actual causative factor for erosion and that the rate of recession
of th. bluff Is directly proportional to the amount of wave-energy which
roaches thp bluff toe. (See Figure C-13)

It Is recognized that erosion Is dependent on a number of factors,
including wind, surface runoff, groundwater flow and the shore composition.
Howover, there Is no model currently available that takes Into considera-
tien all these factors and generates results suitable for this economic
,;vai ,ttion. Neverthelss, wave energy Is the dominant factor In causing
t.r-osin orid It was as;sumod to be the sole factor for the purpose of this
study. In order to evaluate long reaches of shoreline, average values
of soveral paramotors (beoach slope, toe-of-bluff elevation, center point
of reach) were determined and applied to the whole reach.
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3.3.3 Offshore Wave Energy

The total wave energy (E ), per foot of wave crest, approaching the
shore in 1 hour Is equal to 3600H s2T, where Hs is the significant waveheight and T the wave period. This value was calcu afed for each hourly

value of Hs and T. The resulting values were then added to provide
estimates of total wave energy available by month, year and Ice free
season (March to December inclusive), regardless of wave direction.

Wave Regat.tion: As waves move Into relatively shallower depths,
their velocity and wave length are reduced. As a consequence, the
direction of wave travel may be changed and wave energy may be concentrated
or reduced at any selected point. For the study, It was assumed that
the offshore contours are parallel to a straight shoreline. With that
assumption, the following may be written:

sin (B) - C sin (a) (See Fig. C-14)
Co

where a Is the angle of the offshore waves to the p.-pendicular-of the
beach, B Is the angle of the waves at the point of breaking, CO Is the
deep water wave velocity and C Is the wave velocity at the depth at
which breaking occurs. Now,

C = 2Tltanh (2Und),
2 L

where d Is the depth at breaking, T is the wave period and L the wave
length (g Is the gravitational constant of 32.2 feet/sec/sec). If the
ratio of Hs to Lo (the deep-water wave length) is constant then it can
be shown that tanh (2wd/L) Is also constant for a given beach slope. A
review of wave hindcast data showed that for storm waves on the Great
Lakes, the ratio of Hs to Lo Is relatively constant and approximately
equal to 0.04. Therefore, this value was used for the analysis.

Hence, it follows that the direction of the wave, relative to the
shore, at the point of breaking does not vary with wave period and Is
only dependent on the offshore wave direction. With the straight and
parallel offshore contours, the wave height at the point of breaking
(Hb) can be written as follows:

= 0.303 Lo 1/3

HoCHo
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The energy at point of breaking (Eb) may be written:

Eb = (cos 0) Eo
(cos a)

with angle a known, angle B was obtained from sin B w tanh (sin s1..r-'-

Wave En Jgy ot Point o lkeAk :n: The wave energy at the point of
breaking was calculated as described and was then resolved Into components
perpendicular and parallel to the beach as follows:

Perpendicular component a Eb cos 9

Parallel component - Eb sin B

3.3.4 Toe-of-Bluff Wave Energy

From the point the wave breaks, It was assumed that the energy was
dissippated exponentially after breaking according t: the following:

E -3 1.28H + Z
Eb e 1.28H + 2.3"H T tan a

where E Is the energy at a point with elevation Z above the storm water
level and E Is the component of energy at the point of breaking perpen-
dicular to he beach. H Is the refracted wave height, T the wave period,
and tan a, the beach slope. This equation was solved for all hourly
values of wave data using the corresponding water level.

Wave EneAgy va. WateA LeveL Cuave6 By holding monthly mean water
levels constant at one-half foot Intervals, the breaker energies, wave
data, and storm rises were used to derive 10 toe-of-bluff wave energies
for each month. These 10 values were averaged to give curves of monthly
mean water levels versus average toe-of-bluff wave energy.

3.3.5 Calibration Procedures

In order to be useful In the analysis of erosion damages, the toe-
of-bluff energy values wore related to dollar damages. For U.S reaches,
toe-of-bluff wave energy was calculated for the period of damage data
collection using historic water level data. Total accumulated toe-of-
bluff energy for this period was equated to the dollar damages for the
damage survey period. This, along with the assumption that dollar
damages are a linear function of toe-of-bluff wave energies, I.e., a
straight line through 2 points (zero energy-zero damage and total
accumulated energy-total accumulated damage) permitted the replacement
of the toe-of-bluff wave energy axis on the wave energy vs. water level
curve with a dollar damage axis. Figure C-15 Illustrates this assumption
and calculation of the total energy at toe of bluff vs. total damages
for a given damage period. The slope of the line Is In dollars per unit
of energy (l/E).
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For Canadian reaches, stage-energy curves were calibrated using
erosion data and toe-of-bluff wave energy from the high water period
(1912-1976). The toe-of-bluff wave energy which occurred during that
period was equated to erosion damages which could c::,,r In the future,
based on property values and erosion rates from the high water calibra-
tion period. This resulted In a dollar damage per unit energy which was
used to calibrate actual toe-of-bluff wave energy.

Figure C-16 Is the stage-damage curve for U.S. Reach 3002 for the
monih of March as derived using the steps described above for the U.S.
shoreline.

3.3.6 Evaluation of Regulation Plans

Erosion damage vs. water level curves were programmed for computer
use and regulation plans were evaluated. Monthly mean water level data
were Inputs to the program and average erosion damages for each month
were calculated. Summing the average monthly damages produced an
average annual erosion damage value for each regulpflon plan.

WewJ6v oS the E6eat 06 Regatation: It was assumed that the shore
will, over a period of time, adjust to a change in mean water level,
which will result In a reduction and eventual elimination of the effects
of changing the mean lake levels. Due to a lack of research data, there
is no consensus as to the period of time required for this "wearoff" to
occur. Some evidence suggests It could occur as rapidly as 5 years;
other evidence suggests It might take 50 years or more. In the absence
of any conclusive data upon which to base a judgement, It was decided to
assume a uniform rate of wearoff, as was done in the IGLLB Study.
Further, this process, for most areas of the Great Lakes shoreline, was
assumed to be complete In 50 years. The benefits or losses due to a
change in mean water level are then reduced to zero after 50 years. Any
benefits or losses due to a compression of the range of stages are not
subject to this effect.

A procedure, similar to that utilized In the IGLLB Study, mentioned
ubove, was employed In determining wearoff. If the long-term mean Is
changed by a regulation plan, wearoff is defined quantitatively as the
change In long-term mean from the basis-of-comparlson. If the regulation
plan decreases the long-term mean, that difference was added to all the
monthly mean levels for the period of record. The regulation plan was
then reevaluated to calculate average monthly and average annual damages.

The new average annual damage represented the damage at the end of
wearoff period (generally, year 50). Using the values of damage for
years I and 50, and the assumption that wearoff is a straight line
function, the average annual damages In the other years were calculated.
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The ,iverage annual damages for the 50 years were discounted, using an
8.5% interest rate, to obtain a present worth value. From this present
worth value an average annual damage was determined. For a reduction in
the long-term mean water level, average annual damages after wearoff
would be greater than the average annual damages before wearoff. The
average annual damage reported for the regulation plan would be between
the two calculated averages, due to discounting.

For the U.S. reaches, It was assumed that wearoff occurs at varying
rates, dependent upon the shoreline composition. The wearoff was there-
fore broken down Into three main categories: hard, semi-soft and soft.
The first category Is composed of hard rock bluffs which recede very
slowly. For this category the wearoff was assumed to be zero. For the
soft category, which Included such shore types as sand dunes and glacial
moraines, the wearoff was assumed to occur completely within the 50-year
project period. Thus, all of the wearoff (due to a change in mean
level) was added to the monthly mean levels when reevaluating the plans.
For the semi-soft category, one-half of the wearoff was added to the
mean levels when reevaluating to determine average annual damages after
wearoff. In other words, the shoreline was assumed t - adjust half-way
in the 50-year project life, with complete adjustment after 100 years.
In Canada, all erodible shorelines were assumed to be soft. Table C-14
lists the wearoff categories for U.S. reaches.

Table C-14 - Wearoff Categories For U.S. Reaches

Lake Reach Category Wearoff Period (years)
Ontario 2001-2005 soft 50
Erie 300?-3003 soft 50

3004 semi-soft 100
St. Clair 4001-4002 soft 50
Huron 5001-5005 soft 50

5006 semi-soft 100
Michigan 7001 hard -

7002-7013 soft 50
Superior 9001, 9006 hard L

9002, 9007 soft 50
9003-9005 semi-soft 100

3.4 Marine Structures Evaluation Procedure

3.4.1 Introduction

The analysis of effects of regulation plans on coastal marine
facilities was based on techniques developed by the Shore Property
Subcommittee for the International Great Lakes Levels Board (IGLLB)
Study. The evaluation developed at that tlme consisted of two major
categories - recreational boating facilities (marinas) and the deteri-
oration of timber substructures.
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3.4.2 Marinas

As notud in Section 1.3, Coastal Zone Study Process, the Coastal
Zone Subcommittee was given the task to evaluate effects of regulation
on marinas. However, since the Environmental Effects Suocommittee (EES)
undertook an Inventory and comprehensive analysis of recreational boating
facilities (marinas) and developed techniques to evaluate the effects of
lake levels on these facilities, this evaluation was eliminated as a
Coastal Zone Subcommittee responsibility to avoid double-counting this
effect.

3.4.1 Timber Substructure Deterioration

The second m Jor category of the marine structures evaluation was
to determine the effect of fluctuating water levels on timber substructures.
In reconsidering the data and techniques used In the IGLLB Study, It was
determined that dry-rot Is no longer a major problem, as In previous
years. Dry-rot deterioration occurs when untreated timbers are exposed
to dry and wet cycles, which occurs due to lake level fluctuations.
Most timber substructures (pilings) presently being l;.. alled are treated
with creosote to prevent this problem. Those timber substructures that
have already deteriorated are, in many cases, being cut off below the
low water line and are capped with concrete, precluding a re-occurrence
of the problem.

For these reasons this portion of the marine structures evaluation
was eliminated as a Coastal Zone Subcommittee responsibility.

3.5 Water Pumping Evaluation Procedure

3.5.1 Introduction

Benefits to water pumping facilities In the form of reduced pumping
costs derived from higher lake levels obtained through regulation can be
calculated. Conversely, Increased pumping costs due to lower lake
levels can also be calculated. A pumping benefit will accrue from
regulation when the average regulation plan levels are greater than the
average levels occurring under basis-of-comparlson conditions. Increased
pumping costs accrue when the average regulation plan levels are lower
than the average basis-of-comparison.

Several assumptions were necessary In order to provide an economic
evaluation of the effects of the regulation plans on water pumping.
rlrst, it was assumed that extreme low levels do not affect the water
treatment costs of the water being pumped. Also, It was assumed that
there will be no significant changes In pumping technology during the
evaluation period. Electrical power costs (1977) for pumping on the
United States side were estimated to average $0.10 per million foot-
gallons. The Canadian evaluations used a rate of $0.0527 per million
foot-gallons, that Is, about 5.27 cents to pump one million gallons of
water a vertical distance of one foot. Finally, It was assumed that
communities and Industries would protect pumping and outfall facilities
against flooding.
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3.5.2 Calculation of Pumping Costs

The change In cost of pumping due to regulation, C, equals the
change in average regulated lake stage, S, multiplied by the unit
pumping cost per million gallons per foot of head, r, times the volume
of water pumped, v. Expressed as a formula, C - rvS, where C Is In
dollars/year, r Is In dollars/million gallons/foot, v Is In millions of
gallons/year, and S Is In feet.

The following Is a sample calculation:

Find the total pumping benefit C at Chicago for 1976 for Plan 25N.

Average pumping rate for 1977...991 Million Gallons Per Day (MGD).

Electric power cost per million gallons per foot..$O,10/MG feel.

Average 1976 Michigan-Huron Plan 25N stage..579.39 feet.

Average 1976 MIchigan-Huron Basis-of-Comparlso,, s age..579.77 feet.

S - 579.39 - 579.77 = -0.38 foot.

V = 991 MGD x 365 days/year = 36t,715MG/year.

C = 10.10/MG-feet x 361,715 MG/year x -0.38 foot = -$13,700/year.

Since the average annual regulation plan stage Is less than the
basis-of-comparlson stage, S Is negative and C represents an Increased
pumping cost.

* The methodology for water pumping was programmed to calculate
average annual level comparisons and derive a cost difference between
the regulation plan and the basis-of-comparison conditions for each
lake.

Pumping volume data from the International Great Lakes Diversions
and Consumptive Uses Study Board were utilized In this analysis. Future
pumping costs, due to Increased consumption, were not developed.

3.b Sensitivity Analyses

In order to conduct the economic evaluations, it was necessary to
make a number of general and specific assumptions regarding physical
processes and future development. Sensitivity analyses were conducted to
evaluate the effect of altering some of these assumptions. The assump-
tions used are summarized below.
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5.6. I Astunpl ions

Gene": Stormwater level data and wave-energy relationships can
represent large reaches of the shore having similar physiographic
characteristics and subject to similar storm set-up and wave conditions.

Foodin :

1. Flooding damage Is a function of peak storm water level.

2. storm rises and monthly mean levels on the Great Lakes are
independent.

3. The recorded storm rises (generally numbering 20 years for most
gage,., but as few at 13 years for some gages) provide an adequate repre-
sentation of the storm climate and occurrence of stormwater levels for
the period of record, 1900-1976.

4. Lake Ontario outflows, Ottawa River flows, and local St. Lawrence
River inflows are Independent.

5. Stage-damage curves are a function of shore topography and
level of development.

Euoion:

1. Amount of erosion or damage is directly proportional to the
amount of wave energy striking the toe-of-bluff.

2. Wind climate over each fetch can be considered similar to the
wind climate of the closest inland weather station adjuFted to over
water conditions.

3. Wave cllmte can be estimated accurately from wind climate
uslttg wave hindcastlng techniques based on Bretschnelder's equations.

4. Wind and storm set-up climates for a 10-year period can be used
to adequately represent average annual wave-energy for the period of
record, 1900-1976.

5. Wave energy reaching the toe-of-bluff at a specific repre-
sentative point of the reach and a representative shore proflie Is a
good Indicator of the waive energy reaching the toe-of-bluff over the
entire reach.

* "5
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6. Changes In erosion damage resulting from a change In mean lake
level will eventually wear off. This Is due to the adjustment of the
beach profile to the new water level regime.

7. Erosion evaluations were not made for the Canadian Reach of the
St. Lawrence River since Insufficient data were available.

3.6.2 Wearoff Period Sensitivity

Wearoff Is the process by which a shore profile will adjust to
changes In long-term water levels. If, for Instance, the long-term
water level decreases, more of the beach and toe-of-bluff area would be
uncovered, resulting In less erosion In these areas, but Increasing
erosion In the nearshore waters. Wearoff Is then the process by which
the shore profile, over a period of time, builds back to its original
configuration. It Is not known at this time, due to lack of research In
this area, how long It would take the shore profile to revert back to
Its original shape. To determine the effect of different periods, a
sensitivity analysis was conducted which varied the wearoff period.

A sensitivity analysis procedure of varying the wearoff period,
showing Its effect on regulation benefits was undertaken. The calculations
for one reach Is presented In Table C-15. Regulation Plan 25N (increasing
the Lake Erie outflow by a maximum of 25,000 cfs), which would decrease
the long-term average level by 0.59 foot on Lake Erie, was chosen for
this example as was U.S. Reach 3002, which has suffered high erosion
damages.

The basis-of-comparlson average annual erosion damages are about
$1,033,000. The average annual damages for Plan 25N are about $601,000,
before giving any consideration to wearoff. This gives an average
annual benefit of $432,000. The plan was then reevaluated with 0.59
foot added to all the levels and new erosion damages calculated. This
gave an average annual damage of $924,000, or a benefit of $109,000.
This shows that average annual benefits of $432,000 at the start of the
project life can be expected to decrease to $109,000 after 50 years. It
must be noted that these damages are the averages calculated before any
discounting.

The wearoff period sensitivity was analyzed by varying the period
In which the wearoff was assumed to occur In. That Is, If the wearoff
process Is completed In 25 years, Instead of 50, the benefits would be
reduced to $109,000/year after 25 years and the benefits remain at this
level for the remainder of the project life. Similarly, if the wearoff
process Is completed In 5 years, the benefits remain at $109,000 for the
last 45 years of the project life. The benefits were assumed to decrease
linearly from year 1 to the point In time when the wearoff process Is
complete, I.e., decrease from $432,000 per year to $109,000 per year Ina straight line. It can be shown that this Is equivalent to increasingdamages In a linear manner.
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If thl wearoff process occurred Instantaneously, there is, in
effect, no decrease in erosion attributable to lower lake levels. The
only benefits are those that accrue to decreasing the fluctuations of
hih levels. On the other hand, If the wearoff process takes ar '-finite
amount of time, I.e., never occurs, then benefits due to decree...
levels are permanent. The benefits are thus greater than with wea-off
occurring.

A- noted previously, the average annual benefits (before discounting
over the project life) for U.S. Reach 3002 under Plan 25N are $432,000
and $109,000 before and after wearoff, respectively. The average annual
benefits over the project life, when discounted to present worth, would
be somewhere between these two and would vary with the Interest rate and
the length of the assumed wearoff period used. The average annual
benefits which accrue when assuming various wearoff periods were calculated.
These average annual benefits over the project life were compared to the
discounted average annual regulation plan benefits that would accrue

when assuming the wearoff process takes 50 years. The results are
displayed in Table C-15.

From Table C-15, the discounted average annual benefits for a 50-
year wearoff period are about $355,000. If wearoff occurs Instantaneously,
erosion benefits would be reduced to $109,000 per year, or, would be
about 31% of the benefits for a 50-year wearoff period. Total benefits,
inundation plus erosion, would be about 83% of those for a 50-year
wearoff period. If the wearoff Is assumed to occur In 25 years (twice
as fast) the benefits to erosion for Plan 25N would be about $290,000
(about 82% of those for a 50-year wearoff period) and the tot-. benefits
for erosion and inundation would be reduced by about 4%.

To account for uncertainty in estimating the wearoff period, the
Coastal Zone Subcommittee determined that the use of a 5-year wearoff
period for a sensitivity analysis was adequate. The results of this
analysis were extrapolated to all the other Great Lakes reaches. As
shown In Table C-15, erosion benefits would be reduced by 52% and total
average annual benefits would be reduced by 13%.

A similar analysis of the effect of varying the wearoff period was

done for the Canadian evaluations. It was found that reducing the wearoff
period to 5 years would lower erosion benefits by 57% and total benefits
by 10% for the Canadian portion of the Great Lakes.

3.6.3 Coastal Zone Development and Affluence Sensitivity Analyses

The International Lake Erie Regulation Study Board made a decision

not to Include future coastal zone development or Increasing affluence

In deriving average annual costs and benefits In the coastal zone economic.
analyses of various regulation plans. However, sensitivity analyses of

the effect of future coastal zone development and affluence were done by
the U.S. Section of the Coastal Zone Subcommittee at the direction of

the Board.
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Table C-15 - Effect of Wearoff Period Variation
on Benefits Under Regulation Plan 25N
U.S. Reach 3002

Wearoff Benefitsi  Ratio of Ratio of
Perlod ($1,000) Erosion Total
(Yoari) Erosion Inundation Benefits Benefits

0 109 1,113 0.31 0.83

170 1,113 0.48 0,87

10 215 1,113 0.61 0.90

15 245 1,113 0.69 0.92

20 270 1,113 0.76 0.94

25 290 II13 0.82 0.96

30 306 1,113 0.86 0.97

35 321 1,113 0.90 0.98

40 333 1,113 0.94 0.98

45 345 1,113 0.97 0.99

50 355 i,113 1 .00 1.00

1) discountod over 50-year project life, using 8.5% intorest rate.
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The U.S. Section of the Coastal Zone Subcommittee determined average
and maximum growth rates by lake basin specifically for use in a sensitiv-
ity analysis. Maximum growth rates for the basins took Into account the
rema ining non-urban and residential land In the 3,000 £w t wide coastal
strip. Maximum development assumed the remaining space would be developed
In 50 years and Is then limited by the amount of open space available.
Average growth rates took into account both available land and projected
population growth.

The results of this analysis showed that the U.S. portion of Lakes
Michigan, Huron, and Ontario could have maximum annual growth rates of
about 2% per year over the next 50 years. Lake Superior's maximum
annual growth rate was determined to be about 4% per year, while Lake
Erie's is about 1% per year. The average annual growth rate for Lakes
Superior, Michigan and Ontario was determined to be about 0.6%. Lake
Erie and Lake Huron have corresponding rates of 0.9% and 1%, respectively.
Lake St. Clair was Included with Lake Erie for the purposes of these
sensitivity analyses.

Using this information, the effect of average and maximum growth
rates on regulation benefits was determined. The assumption was made
that average annual damages would increase as the shoreline develops.
The average annual damages for each basin and regulation plan were
Increasod by the average and maximum annual growth rates for that basin.
This was done for a period of 50 years and discounted. For the U.S.
Reache,;, average basin-wide growth would increase regulation benefits by
a factor of about 1.11 (an 11% increase). If the maximum growth rates
were obtained, benefits to the U.S. Reach would Increase by a factor
of about 1.15 (a 15f Increase). It was assumed that there will be no
future development In damage-susceptible areas along the Canadian shore.
In other words, any future development will occur outside the damage-
susceptible areas.

According to OBERS1 studios, the average real Income in the U.S.
portion of the Great Lakes Region Is expected to Increase at a rate of
1.5% per year. This Increasing affluence was assumed to be applicable
In the Coastal Zone In the value of properties and their contents. The
sensitivity analysis used a 1.5% per year Increase In shore property
value over a 50-year period, which was then discounted to present dollar
values. This analysis showed benefits can Increase by a factor of about
1.21 (21% Increase) over the U.S. portion of the Great Lakes. It has
been assumed that there will be no significant Increase In property or
content values In damage-susceptible areas In the Canadian portion of
the Great Lakes-St. Lawrence system.

t. An acronym derived from the Office of Business Economics (OBEI, U.S.
Department of Commerce and the Economic Research Service (ERS), U.S.
Department of Agriculture.
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3.6.4 Meteorological Sensitivity

The Inundation evaluation procedures (see Section 3.1) used both
monthly mean levels and stormwater rises. As wind set-up (stormwater
riso) reflects meteorological conditions, two sensitivity analyses were
conducted on the stormwater rises (rises). U.S. Reach 3002, on the
western portion of Lake Erie, was chosen as a test reach.

The first sensitivity analysis varied the period of rise data. For
moi of the Great Lakes reaches, both U.S. and Canadian, 20 years of
rise data were used. However, due to lack of a complete data base, as
few as 1) years of data were used on some reaches. To see If a shorter
or longer data base would affect the results, the data base was varied
from 10 to 40 years.

The sensitivity analysis showed that by Increasing the data base
from 20 to 40 years the basis-of-comparison damages would decrease by
about 0.5 to 1% and the benefits due to regulation would decrease by
ibout 2.0%. When the 40 years of data were broken down into four 10-
year data bases, the benefits for each data base shwed similar decreases.

rhe second sensitivity analysis for meteorological data, In relation
-o inundation, utilized various frequency distributions for the rise and
monthly mean lake level data In order to incorporate data extremes
reflected In probability distributions which may not show up In a
limited period of recorded data.

The rombined rises and monthly mean lake levels, I.e., stormwater
invels, (nee Section 3.1.3) were represented Individually by five frequency
distributions. The Chi-square goodness of fit test was used to find the
distribution which best represented the stormwater levels. Using that
distribution and the stage-damage curve for Reach 3002, average basis-
of-comparison damages were determined. It was found that these damages
varied about plus or minus 8% from those determined using actual recorded
dta I-nstead of probability distributions for storm rise and monthly
mean water levels.

Based on these sensitivity analyses, It was determined that the use
of as few as 10 years of meteorological data (rises), as applied In the
Inundation model, appears to adequately represent wind set-up conditions.
I1 ha,. been noted, however, that the fewest number of years of data used
wis 13. Further, based on the two sensitivity analyses described above,

it was determined that the record of storm rises used provided an adequate

representation of the storm climate and no adjustment was needed to the

inundation damages/benefits.

C-63



With regard to the meteorologlcal data used In the erosion evaluation,
the wave hindcasting for the evaluation of erosion damages used JO years
of recorded wind data. A l0-year record has been stated as "generally
accepted to be of sufficient length for wind frequency distribution
analysis" In a publication of the Meteorological Brancn uf the Canadian
Department of Transport. The wind data were used directly In wave
hindcastlng rather than for the calculation of a frequency analysis.
This may have resulted In a slight underestimation of wave energies, but
It was considered that this approach was satisfactory in light of the
degree of accuracy of other data used as Input to the wave hindcasting.

3.6.5 Damage Data Sensitivity - U.S. Reaches

In response to concerns raised by the Board's Ad Hoc Economics
Working Group, and to clarify procedures utilized by the States In the
1972-1976 Shoreline Damage Surveys, a detailed and comprehensive review
of the Damage Surveys of the States of New York, Ohio, and'Michigan was
carried out. The combined total damages of these three States represented
over 80% of the total damages for the survey period between 1972 and
1976. Results of the review were applied to the remainder of the data
for the other five States.

S ta:te o New Vouk: There are nine counties In the State of New
York which have Great Lakes shoreline. These counties were surveyed in
three groups: Monroe County by the Buffalo District of the Corps of
Engineers; Wayne, Cayuga, Jefferson and St. Lawrence Counties as a group
by tho St. Lawrence-Eastern Ontario Commission; and, Chautauqua, Erie,
Niagara, and Orleans Counties as a group by the St. Lawrence-Eastern
Ontario Commission.

The eight counties surveyed by the St. Lawrence-Eastern Ontario
Commission were reviewed with respect to two major concerns. The first
concern was with the extrapolation of the census data for the "non-
normal" residential properties. The non-normal group represented the
extreme (high) values of assessed property values, or 5$ of all reslden-
tial properties In a given reach. The remaining 95% of the residential
properties were grouped as "normal" and were subjected to a random
sampling process where a 20% random sample was determined and question-
naires were mailed. For obtaining damages of the non-residential
properties a census was conducted In all cases.

In conducting the census for the non-normal properties all properties
selected were sent questionnaires. When the census results were totalled,
they were extrapolated to a response rate of 100%, regardless of the
actual response rate. If, for example, half of the mailed questionnaires
for a region were completed, the total damages reported were then doubled
to account for the remaining one-half who did not respond - assuming
non-respondents had damages/property values comparable to respondents.
This extrapolation of the actual reported non-normal damages added about
4.6% to the total damages (including residential and non-residential).
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An adjustment to the total damages was applied to correct for (take out)
Ihl oxtra polation of the non-normal census date as It Is recognized
that consus data are not extrapolated. The stage-damage curves used
reflect this adjustment.

The second area of concern regarding the U.S. damage data related
to the handling of non-respondents in the extrapolation of the normal
resldential property damages. Response rates for completed questionnaires
were calculated and the respective damages were linearly projected using
the average damage per reported property applied to all properties In
the reach. This assumed that the non-respondents to the survey had
damages equal to the average damage of the respondents. This assumption
wns neither confirmed nor rejected through field testing. In order to
determine the possible range of upward bias which may have been Introduced
by applying this assumption in the calculation of extrapolated damages
an inalysis using the assumption that all non-respondents had zero
damages was carried out. The result of this analysis was that an amount
equal to 15% of the total compiled damages In each State could be
attributed to the use of the original assumption.

Sto te o6 Ohio: The State of Ohio damage data were entirely for
lake Erie. In reviewing the survey conducted by Ohio State University
for the Corps of Engineers, an error In programming was located In the
projection procedure used for the handling of non-respondents to the
residential normal survey. This error was corrected and the program
rerun to calculate an accurate extrapolation using the standard procedure.
The difference between the original and recalculated extrapolated normal
residentlal damages was 32% of the original total State compiled damages.
Thai Is, damages had previously been overestimated by 32%. The totals
employed In the evaluations were adjusted to reflect the new totals.
After making this correction, and In light of the concerns noted for the
State of New York, two determinations were reached. First, the amount
of damages attributable to the extrapolation of the non-normal residential
survey damages was about 5.0% of the total State compiled damages. The
damages used In the evaluation programs were adjusted to correct for
thic amount. Secondly, If all normal population non-respondents had
/oro damage, the maximum over-estimation of total damages would be about
36%.

State o Michga3n: The State of Michigan has shoreline on five of
the six Great Lakes. It accounts for more than 50% of U.S. shoreline
damages. The same two areas of analysis were Investigated in Michigan
as In the two states described above. The extrapolation of censused non-
normal residential damages was 4.6% of the total damages. The damage
curves were adjusted to account for this amount.

'The maximum range of possible overestimation of total damages for
the State of Michigan Is 33%, If all normal population non-respondents
to the survey had zero damage.
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UppeM Lim t Anatys." In order to estimate an upper range of the
damage data, Operation Foresight data were utilized. While the damages
r(eported by each Stale from Its surveys represent the best available
Information on damages which actually occurred, there Is uncertainty
Inherent in any survey. As an indicator of the amount of damages which
were not Included In the damage surveys, the costs of Operation Foresight
ac ions on a lake by lake basis were determined.

A total of almost $27 million was spent on temporary shore protection
for the high water period, which was the same period Included in the
damany( _urveys. An estimated additional $132 million In damages were
prevented by this temporary protection.

In other words, if it were not for the temporary protection provided
by Operation Foresight, the total damages Incurred would have been at
least 50% more than that estimated by the damage survey. It was determined
that, at a minimum, the $27 million actually spent on temporary protective
works could be used as an additional Increment of damages (on the promise
that the temporary projects prevented at least as much damage as the
cost of tho works) to Indicate a possible upper limit to be applied to
the damage estimates.

Based upon the Operation Foresight costs spent per lake, and the
proportion of damages from the surveys, a weighted average upper limit
damage estimate for the whole Great Lakes system was determined to be a
16% Increase over the surveyed damage estimate.

It should be noted that costs of protection are not Included In the
stage-damage curves utilized In the evaluations. The reported costs of
protection exceeded $150 million during the four-year survey period and
the $27 million Is being used here only as a conservative estimate of

* additional damages, not accounted for by the damage survey data, In
order to estimate the possible upper limit uncertainty of the damage
data estimates.

Suwna.:. Detailed investigations into three State damage surveys
were carried out within the constraints of The projects being conducted
several years ago and each state being handled by a separate surveying
agency. Many of the personnel Involved with the survey were no longer
available for comment and the Coastal Zone Laboratory of the University
of Michigan (which handled the Michigan survey) has closed completely.
The two areas of analysis gave similar results for all three states.
The result of extrapolation of the non-normal censused residential
population damages was about a 5% over-estlmatlon. All stage-damage
curves were adjusted accordingly. The range of possible over-estimation
of damages due to the handling of nonrespondents in the normal residential
survey was 15% to 36%. A weighted average for the total range of the
three states damages was 30%. In other words, the maximum lower range
of damages Is 30% less than that used in the U.S. evaluations.
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on ihe Operation Foresight cost and damage analysis, a weighted
aver.Jue upper limit damage estimate would be an approximate 16% increase
in ddmdcges. Therefore, the range of U.S. shore Great Lakes damage date
con ho expected to fall within the upper and lower r:ne of +16% and
-"()I, respectively.

In each case, for the three states evaluated, the damage data were
rt.nalyzed, corrected where necessary, and determined to be the best
r,.tlmate of Great Lakes damages for the U.S. shoreline. Because these
data analyses represent 80% of the damages of the U.S. Great Lakes
'horollne, the roview results were considered applicable to the remainder
oi the damage data for the other five states surveyed.

3.6.6 Damage Data Sensitivity - Canadian Reaches

Gn'aut Lake Food Dajag. The primary source of data for the
evaluation of Great Lakes flood damages was the Canada-Ontario Great
Lakes Shore Damago Survey ;onducted In 1973 which calculated flood
damages of $8.0 million for the period November 1972 to November 1973.
A review of the basic data Indicated that some damage Items were open to
interpretation as to whether a reduction In future high levels would
create benefits due to prevention of a reoccurrence of these damages.
The complete elimination of these Items reduced the damages to $4.4
million. It was felt that the best estimate of damages applicable to
the evaluation of Lake Erie regulation lies between the two extremes.
A', a compromise, the midpoint of $.2 million was chosen, while the two
exirnmes were chosen as the upper and lower limits of the sensitivity
an3lysis. This gave a possible range of + 29% for the benefits from
roduction of flood damages, which is equivalent to a range of + 26% on
the total benefits for the Canadian reaches of the Great Lakes. The
Inundation stage-damage curves were calibrated using the $6.2 million
damage total.

Quebec Food Vamagu: The primary source of data for the evaluation
of the Canadian reach of the St. Lawrence River were payments made under
The qovernmental financial assistance program following the 1974 and
Iq76 flood events. Since these compensation programs excluded some
damages, attached upper limits to others and had deductible amounts,
payments were adjusted to determine total damage figures (see Table C-
to). For the residential sector, a factor of 2.49 was used to evaluate
total damage estimates; factors of 2.25 and 2.75 were used to determine
the sensitivity of the adjustment factor. As a result of this analysis,
It was determined that the average annual damages calculated for each
rngulation plan were only slightly affected by the damage adjustment
factor.
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E4o6i.un Damag ,6: Three major data items formed the basis of the
erosion stage-damage curves - wave hindcast data, recorded erosion
rates, ind assessed property values. No easily-applicable, accurate
method was available to estimate the effect of varying the assumptions
Inherent In the calculation and application of these dta items. For
this reason, no sen.itivity analysis was performed for the evaluation of
erosion damages.

3.6.7 Shore Profile Parameters

Seclion 3.6.4 discussed the effect of meteorological data on the
inundation evaluation methodology. No similar analysis was done on
meteorological data as they relate to the erosion evaluation methodology.
However, some of the parameters Inherent in the erosion evaluation
methodology could impact on the determination of toe-of-bluff energies
and are discussed below.

A number of assumptions were needed to define an erosion evaluation
procedure. Among these were a simplified shore profile - single beach
slope and toe-of-bluff elevation per reach. These were addressed In
qualitative terms.

If the beach slope used on a particular reach were to be decreased
(made more horizontal), this would cause Incoming waves to break farther
from the toe of the bluff. This would have the effect of decreasing the
energy reaching the bluff, the energy being dissipated In turbulence and
friction. Regulation plans that decrease the water levels would then
cause the waves to break even further from the bluff toe with subsequent
decreased energy reaching the bluff toe. This would cause a greater
difference between the basis-of-comparison and the regulation plan,
effectively Increasing benefits. On the other hand, If the beach slope
was Increased, the opposite effect could be expected, with a subsequent
decrease In benefits.

In a similar manner, the elevation of the toe of the bluff could
affect erosion. The basic premise of the erosion methodology Is that
erosion is caused by wave energy striking the toe of the bluff. If the
elevation of the toe Is Increased this makes It more Inaccessible to
wave energy. Those plans which decrease the water levels would, consequently,
have even less energy striking the bluff toe. This would cause an
increase in benefits. Conversely, If the toe of bluff elevation were
lowered the relative difference between plans (the benefits) would be
decreased. Note that with a single beach slope, raising the toe of
bluff elevation has the same effect as decreasing the beach slopt.
Although these two parameters could have a significant Impact on the
determination of energy In the wave hindcasting, sensitivity analyses
that varied these parameters were not carried out due to the time constraints.
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3.6.8 Summary of Sensitivity Analyses

U.S. Reachea: The sensitivity analyses as discussed previously can
be applied to the evaluation results as multIplictive factors. Two
sets of factors are considered.-- those that either Increase or decrease
the reported benefits/losses. The factors are:

Lower Ranoe Upper Ranae

Wearoff Period 0.81 1.00
Development 1.00 3.15
Affluence 1.00 1.21
Damage Data 0.70 1.16
Cumulative Effect =0.7 1.6

These factors represent basln-wlde effects, so that the total
average annual benefits or losses for the U.S. portion for a regulation
plan could be multiplied by a single factor. The factors would very for
Individual lakes.

Canadiax Reahe. : The sensitivity analyses developed for Canadian

reaches benefits/losses can simliarily be summarized. The factors are:

Lower Range Upper Range

Damage Data - Great Lakes1  0.74 1.26
Wearoff Period 0.902  1._0
Cumulative Effect 0.67 1.26

Total (Canada and U.S.) 0.62 1.57

1) Sensitivity analyses carried out for damage data In the Canadian
Reach determined these to have no significant Impact.

2) Varies slightly with lake and regulation plan.
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Section 4

EVALUATION OF REGULATION PLANS

4.1 Regulation Plan 25N

Regulation Plan 25N was discussed in Section 1.6.1. As discussed
In Section 1.6.4, Lake Ontario regulation was considered in four Categories.
Of ihu~i, three were analyzed by the Coastal Zone Subcommittee. Tables
C-16 and C-17 show the economic evaluations for Categories 1, 2, and 3
using average annual and present worth dollars, respectively, to show
benefits and losses against the basis-of-comparison and Category 3
evaluations against the adjusted basis-of-comparison, described In
Section 1.7. It can be seen from Table C-16 that Plan 25N would accrue
net average annual benefits system-wide of about $5 million. Sensitivity
analyses show these net benefits can range from about $3 million to $8
million. Table C-17 presents the results of Table C-16 in present value
dollars to the system. Section 5.5 presents a detaiiw6 discussion of
the benefit or loss to the various Interests for Plan 25N.

4.2 Regulation Plan 15S

Regulation Plan 15S was discussed In Section 1.6.2. Tables C-18
and C-19 show the economic evaluations for Categories 1, 2 and 3 using
average annual and present worth dollars, respectively, to also show
benefits and losses against the bases-of-comparison. It can be seen
from Table C-18 that Plan 15S would accrue about S2J million net average
annual benefits system-wide. Sensitivity analyses put a range on the
net average annual benefits of about $1l million to $31 million. Table
C-19 shows what the net average annual benefits over a 50-year project
life would be worth at present. Section 5.6 presents a detailed discussion
of the benefit or loss to the various coastal zone interests for Plan
15S.

4.3 Regulation Plan 6L

Section 1.6.3 of this Appendix discussed Regulation Plan 6L.
Tables C-20 and C-21 show the economic evaluations for Categories 1, 2
and 3 using average annual and present worth dollars, respectively, to
show benefits and losses against the bases-of-comparison. Table C-20
shows that about $1 million net average annual benefits can.be expected
to accrue to coastal zone Interests per year under Plan 6L. Sensitivity
analyses place a range on the net average annual benefits of about $J
million to $1l million. Table C-21 shows these net average annual benefits
when expressed in present worth. Section 5.7 presents a detailed discussion
of the benefit or loss to coastal zone Interests under Plan 6L.
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Table C-16 - Summary of Average Annual Economic Effects by
Lake and Country - Regulation Plan 25N ($000)

Damages Calculated
Basis-of- Plan Benefit (W) Sensitivity Range

Lake/River Comparison 25N or Loss C-) Lower Upper

Superior U.S. 2,005 1,942 : + 63 : + 36 + 101
Can. 0 2:- 2: - 2 - 2

Michigan U.S. 10,283 9,'18 : + 565: + 322 + 910
Huron U.S. 2,920 2,515 : + 405 : + 231 + 652

Can. 492 459 : + 33 : + 5 + 44
St. Clair U.S. 858 366 : + 492 : + 262 + 795

Can. 442 101 : + 341 : + 238 + 434
Erio U.S. 11,689 8,516 : +3,173 : +1,809 +5,109

Can. 658 399 : + 259 : + 144 + 326
Ontario U.S. 4,420 4,551 : - 131 : - 75 - 211
(Cat. I) Can. 780 796 : - 16 : - 12 - 20
St. Law. ;an. 1.873 1,884 : - 11 : - 11 - 11
(Cat. 1)

ToTal (Cat. 1) 36,420 31.249 : +5.171 : +2,967 +8,127

Ontario U.S. 4,420 4,682 : - 262 : - 149 - 422
(Cat. 2) Can. 780 778 : + 2 : + 19 2
St. Law. Can. 1,873 1,959 : - 86 : - 86 - 86

Total (Cat. 2) 36.420 31,437 : +4,983 : +2,849 +7,859

Ontario U.S. 4,420 4,451 : - 32 : - 18 - 52
(Cat. 3) Can. 780 751 : + 29 : + 34 + 32
-t. Law. Can. 1873 212 : - 279 : - 279 - 279

Fotal (Cat. 3) 36,420 31,373 : +5,047 : +2,802 +8,070

Adjusted Basis-of-Comparlson

Ontario U.S. 4,349 4,452 : - 103 : - 58 - 166
(Cat. 3) Can. 754 759 : - 5 : + 3 - 9
St. Law. Can. ? 2.152 :- 12o: - 126 - 126

Total (Cat. 3) 36,476 31.381 : +5.095 : +2,884 +8,068
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Table C-17 - Summary of Present Value of Economic Effects by
Lake and Country - Regulation Plan 25N ($000,000)

Damages Ca lcaulated
Rasis-of- Plan Benefit (+I Sensitivity Range

Lake/River Comparison 25N or Loss (-) Lower Upper

Superior U.S. 23.19 22.46 :+ 0.73: + 0.42 + 1.18
Can. 0 0.02 :- 0.02: - 0.02 - 0.02

Michigan U.S. 118.93 112.39 :+ 6.54: + 3.73 +10.53
Huron U.S. 33.77 29.09 :+ 4.68: + 2.67 + 7.53

Can. 5.69 5.31 :+ 0.38: + 0.06 + 0.51
St. Clair U.S. 9.92 4.21 :+ 5.71: + 3.25 + 9.19

Can. 5.11 1.17 :+ 3.94: + 2.75 + 5.02
Erie U.S. J35.19 98.49 :+36.70: +20.92 +59.09

Can. 7.61 4.61 :+ 3.00: + 1.67 + 3.77
Ontario U.S. 51.12 52.63 :- 1.51: - 0.87 - 2.44
(Cat. 1) Can. 9.02 9.21 :- 0.19: - 0.14 - 0.23
St. Law. Can. 21.66 21.79 0.13: - u.J3 - 0.13

Total (Cat. 1) 421.21 361.39 :+59.83: +34.31 +94.00

Ontario U.S. 51.12 54.15 :- 3.03: - 1.73 - 4.88
(Cat. 2) Can. 9.02 9.00 :+ 0.02: + 0.22 - 0.02
St. Law. Can. 21.66 22.66 :- 1.00: - 1.00 - 1.00

Total (Cat. 2) 421.21 363.56 :+57.65: +32.94 +90.90

Ontario U.S. 51.12 51.49 :- 0.37: - 0.21 - 0.60
(Cat. 3) Can. 9.02 8.68 :+ 0.34: + 0.39 + 0.37
St. Law. Can. 21.66 24.89 3.23: - 3.23 - 3.23

Total (Cat. 3) 421.21 362.81 :+58.40: +32.40 +93.34

Adjusted Basis-of-Comparlson

Ontario U.S. 50.30 51.49 :- 1.19: - 0.67 - 1.92
(Cat. 3) Can. 8.72 8.78 :- 0.06: + 0.03 - 0.10
St. Law. Can. 23.43 24.89 :- 1.46: - 1.46 - 1.46

Total (Cat. 3) 421.86 362.94 :+58.92: +33.35 +93.32
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Table C-18 - Summary of Average Annual Economic Effects by
Lake and Country - Regulation Plan 15S ($000)

Damages Calculated
Basis-of- Plan Benefit (W) Sensitivity Range

Lake/River Comparison 15S or Loss C-) Lower Uimer

,uperlor U.S. 2,005 1,981 :+ 24: + 14 + 39

Can. 0 1 1: - 1 - 1
Michigan U.S. 10,283 10,052 :+ 231: + 132 + 372

Huron U.S. 2,920 2,749 :+ 171: + 97 + 275
Can. 492 475 :+ 17: + 5 + 23

St. Clair U.S. 858 610 :+ 248: + 141 + 399
Can. 442 245 :+ 197: + 138 + 252

Erie U.S. 11,689 10,171 :+1,518: + 865 +2,444
Can. 658 515 :+ 143: + 85 + 179

Ontarlo U.S. 4,420 4,534 :- 114: - 65 - 184
(Cat. 1) Can. 780 786 :- 6: - 1 - 8

St. Law. Can. 1,873 1.917 :- 44: - 44 - 44

Total (Cat. 1) 36.420 34,036 :+2.384: +1,366 .+3,746

Ontario U.S. 4,420 4,600 :- 180: - 103 - 290
(Cat. 2) Can. 780 770 :+ 10: + 21 + 8
St. Law. Can. 1.873 :- 80: - 8U - 80

Total (Cat. 2) 36,420 34,122 :+2.298: +1.314 +3,620

Ontario U.S. 4,420 4,406 :+ 14: + 8 + 22
(Cat. 3) Can. 780 750 :+ 30: + 31 + 35
St. Law. (;an. 143 2.164 :- 291: - 291 - 291

fotal (Cat. 3) 369420 34.119 :+2.301: +1.224 +3,748

Adjusted Basis-of-Comparison

Ontario U.S. 4,349 4,406 :- 57: - 32 - 92
(Cat. 3) Can. 754 758 : 4: 0 - 5
St. Law. Can. K 2.164 •-138: - 138 - 138

lotal (Cat. 3) 36.476 34.127 :+2.349: +1.306 +3.747
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Tablu C-19 - Summary of Present Value of Economic Effects by
Lake and Country - Regulation Plan 15S (SO00,000)

Damages Calculated
Basis-of- Plan Benefit (+) Sensitivity Range

Lake/River ComDarison 155 or Loss (-) Lower Upper

Superior U.S. 23.19 22.91 :+ 0.28: + 0.46 + 0.45
(;an. 0 0.01 :- 0.01: - 0.01 - 0.01

Michigan U.S. 118.93 116.26 :+ 2.67: + 1.53 + 4.30
Huron U.S. 33.77 31.79 :+ 1.98: + 1.12 + 3.18

Can. 5.69 5.49 :+ 0.20: + 0.06 + 0.27
St. Clair U.S. 9.92 7.05 :+ 2.87: + 3.63 + 4.61

Can. 5.11 2.83 :+ 2.28: + 1.60 + 2.91
[rie U.S. 135.19 117.63 :+17.56: +10.00 +28.27

Can. 7.61 5.96 :+ 1.65: + 0.98 + 2.07
Ontario U.S. 51.12 52.44 :- 1.32: - 0.75 - 2.13
(Cal. 1) Can. 9.02 9.09 :- 0.07: - 0.01 - 0.09
St. Law. Can. 21.66 22.17 :- 0.51: - 0.51 - 0.51

Toial (Cat. 1) 421.21 393.65 :+27.57: +15.80 +43.32

Ontario U.S. 51.22 53.20 :- 2.08: - 1.19 - 3.35
(Cal. 2) Can. 9.02 8.90 :+ 0.12: + 0.24 + 0.09
St. Law. Can. 21.66 22.59 :- 0.93: - 0.93 - 0.93

Total (Cal. 2) 421.21 394.62 :+26.59: +15.19 +41.86

Ontario U.S. 51.12 50.96 :+ 0.16: + 0.09 + 0.25
(Cat. 3) Can. 9.02 8.67 :+ 0.35: + 0.36 + 0.41
St. Law. Can. 21.66 25.03 :- 3.37: - 3.37 - 3.37

Total (Cat. 3) 421.21 394.59 :+26.62: +J4.15 +43.34

Adjusted Basi s-of-Comparison

Ontario U.S. 50.30 50.96 :- 0.66: - 0.37 - J.06
(Cat. 3) Can. 8.72 8.77 :- 0.05: 0 - 0.06
St. Law. Can. 23.43 25.03 :- 1.60: - 1.60 - 1.60

Total (Cat. 3) 421.86 394.69 :+27.17: +15.30 +43.33
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Table C-20 - Summary of Average Annual Economic Effects by
Lake and Country - Regulation Plan 6L ($000)

Damages Calculated
Basis-of- Plan Benefit (+) Sensitivity Range

Luke/River Comparison 6L or Loss (-) Lower Upper

Superior U.S. 2,005 1,998 + 7 + 4 + 11
Can. 0 0 0 0 0

Michigan U.S. 10,283 10,194 + 89 + 51 + 143
Huron U.S. 2,920 2,853 + 67 + 38 + 108

Can. 492 484 + 8 + 3 + 10
St. Clair U.S. 858 758 + 100 + 57 + 161

Can. 442 356 + 86 + 60 + 110
Erie U.S. 11,689 11,085 + 604 + 344 + 972

Can. 658 595 + 63 + 38 + 78
Ontario U.S. 4,420 4,449 - 29 - 17 - 47

Can. 780 771 + 9 + 10 + 10
St. Law. Can. 1.873 1.855 + 18 + 18 + 18

Total (Cat. 1) 36.420 35,398 +1,022 + 606 +1574

Ontario U.S. 4,420 4,510 - 90 - 51 - 145
(Cat. 2) Can. 780 760 + 20 + 26 + 21
St. Law. Can. 1.873 1.870 + 3 + 3 + 3

Total (Cat. 2) 36,420 35,463 + 957 + 573 +1472

Ontario U.S. 4,420 4,366 + 54 + 31 + 87
(Cat. 3) Can. 780 44 + 36 + 35 + 42
St. Law. Can. 1.873 2.035 - 162 - 162 - 162

Total (Cat. 3) 36.420 35,468 + 952 + 499 +1,560

Adjusted Basis-of-Comparison

Ontario U.S. 4,349 4,366 - 17 - 10 - 27
(Cat. 3) Can. 754 751 + 3 + 5 + 3
St. Law. Can. 2.026 2.035 9 - 9 - 9

Total (Cat. 3) 36,476 A5,475 +1,001 + 581 +1,560
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Table r-21 - Summary of Present Value of Economic Effects by
Lake and Country - Regulation Plan 6L ($000,000)

Damages Calculated
Basis-of- Plan Benefit (+) Sensitivity Range

.Lake/River Comparison 6L or Loss (-) Lower Upper

Superior U.S. 23.19 23.11 :+ 0.08: + 0.05 + O.J3
Can. 0 0 :+ 0: + 0 + 0

Michigan U.S. 118.93 117.90 :+ J.03: + 0.59 + J.65
Huron U.S. 33.77 33.00 :+ 0.77: + 0.44 + 1.25

Can. 5.69 5.60 :+ 0.09: + 0.03 + 0.12
St. Clair U.S. 9.92 8.77 :+ 1.15: + 0.66 + 1.86

Can. 5.11 4.12 :+ 0.99: + 0.69 + 1.27
Erie U.S. 135-19 128.20 :+ 6.99: + 3.98 +11.24

Can. 7.61 6.88 :+ 0.73: + 0.44 + 0.90

Ontario U.S. 51.12 51.46 :- 0.64: - 0.20 - 0.54
Can. 9.02 8.92 :+ 0.40: + 0.12 + 0.12

St. Law. Can. 21.66 21.5 :-+ 0.2: + 0.21 + 0.21

Total (Cat. 1) 421.21 409.41 :+11.80: + 7.0 +18.2

Ontario U.S. 51.12 52.56 :- 1.04: - 0.59 - J.68
(Cat. 2) Can. 9.02 8.79 :+ 0.23: + 0.30 + 0.24
!,i. Law. Can. 21.66 21.63 :+ 0.03: + 0.03 + 0.03

Total (Cat. 2) 421.21 410.16 :+31.05: + 6.62 +17.01

Ontario U.S. 51. 12 50.49 :+ 0.63: + 0.36 + J.Oj
(Cat. 3) Can. 9,02 8.60 :+ 0.42: + 0.40 + 0.48

St. Law. Can. 21.66 23.53 :- 187: - J.87 - 0.87

Total (Cat. 3) 421.21 410.20 :+14.01: + 5.77 +J8.04

Adusted Bas i -of-ComparlIson

Ontario U.S. 50.30 50.50 :-0.20: - 0.12 - 0.31
(Cat. 3) Can. 8.72 8.70 :+ 0.02: + 0.05 0
S1 . Law. Can. 23.43 25.53 :- 0.10: - 0.10 - O.JO

Total (Cat. 3) 421.86 410.31 :+]J.55: + 6.71. +)8.03
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Section 5

SLILMARY

5.1 General

The purpose of this appendix has been to Identify and analyze the

processes causing damage to the coastal zone of the Great Lakes and
iheir connecting channels. Having Identified and analyzed these processes,
the benefits and losses of limited control of lake level fluctuations
through limited regulation of Lake Erie were analyzed.

In identifying the processes that cause Inundation, It was determined
that the coastal zone Inundation damages vary with the still-water
(mean) level and the wind-generated temporary Increase in water level at
a specific location. The total elevation of these two levels has been
termed the stormwater level. In Identifying the processes that cause
erosion In the coastal zone, it was assumed thaT erosion varies directly
with the amount of the wave energy reaching the toe of the shore bluff.

Water pumping facilities are also affected by lower water levels,
resulting in Increased pumping costs.

Three regulation plans were selected to be evaluated and the
results of these evaluations on Inundation, erosion and water pumping
are sunmarlzed In this section. The economic evaluations are average
annual losses or benefits, rounded to the nearest one thousand dollars.
Table C-22 presents the total net benefits for the Great Lakes-St.
Lawrence system under the three regulation plans.

5.? Inundation

The methodology used to evaluate Inundation differs from previous
studies In that stormwater levels were used as an Index of Inundation
damages. For the United States coastal zone, damage data were based on
tho four-year damage survey of Labor Day, J972 to Labor Day, J976. For
the Canadian portion of the Great Lakes, the Canada-Ontario Great Lakes
Shore Damaqe Survey, covering the period of November, 1972 to November,
1973, provided the Inundation damage data. The Canadian Reach of the St.
lawrence River used the 1974 and 1976 Inundation damage events as the
basis for damages. No money spent on construction of new protective
works. to prevent or alleviate Inundation and/or erosion damages were
Included in the data utilized.
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Table C-22 - Summary of Coastal Zone Net Benefits
I

Average Annual Benefits Present Value of Benefits
($000) ($000,0001

Category I

6L 15S 25N 6L 15S 25N

U.!. 838 2,073 4,567 9.70 24.03 52.83
Can. 184 306 604 2.12 3.54 6.98

Total 1022 2,384 5,171 11.82 27.57 59.81

Category 2

U.S. 777 2,012 4,436 9.00 23.28 51.31
Can. 180 286 547 2.07 3.31 5.32

Total 957 2,298 4,983 11.07 25.59 57.63

Category 3

U.S. 921 2,206 4,666 10.65 25.51 53.97
Can. 31 95 381 0.36 1.10 4.40

Total 952 2,301 5,047 11.01 26.61 58.37

Category 3 (Adjubled Basis-of-Comparison)

U.S. 850 2,135 4,595 9.83 24.69 53.14
Can. 151 214 500 1.75 2.48 5.78

Total 1,001 2,349 51095 11.58 27.17 58.92

Sensitivity Analyses - Uppor Limit

Cat. 1 1,574 3,746 8,127 18.21 43.32 94.0.0
Cat. 7 1,472 3,620 7,859 17.02 41.86 90.09
Cat. 3 1,560 3,748 8,070 18.04 43.35 93.33
Cat. 3 1,560 3,747 8,068 18.04 43.34 93.31

Sensitivity Analyses - Lower Limit

Cat. 1 605 1,366 2,967 7.01 15.80 34.31
Cat. 2 573 1,314 2,849 6.63 J5.20 32.94
rat. 3 499 1,224 2,802 5.77 14.16 32.41
Cat. 3? 581 1,306 2,884 6.72 15.10 33.36

(1) Comprising reduced erosion, Inundation and pumping costs.
(2) Using the adjusted basis-of-comparison.
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For t o Great Lakes, stormwater stage-damage curves were developed

from a number of Information sources. These curves were calibrated to
ithe survey period damago by using the recorded stormwater levels of the
damage survey periods. Development of a relationship between stormwater

levels and damages assumes that the two elements of a damaging event,
* acting Indepondently or In combination, are capable of producing damage

to the coastal zone real estate. In other words, even at low or average
mean lake levels, severe storms can cause Inundation damage; conversely,
at high mean lake levels a small storm can damage the coastal zone.
Monthly damages may be caused not only by a once-a-month peak stormwater

* level, but also by other lower levels during the month. Thus, the

* stormwater levels are only an Index of damage capacity. Estimated
average inundation damages were determined for each month and added to
obtain an average annual damage. The average annual damages developed by

this methodology are thus an indication of the relative benefits or

losses between regulation plans.

For the evaluation of the effects of the regulation plans to the

Canadian Reach of the St. Lawrence River, a slightly different Inundation

methodology was developed. For this methodology ;i.° effect of local
inflow and Ottawa River Inflow to the Montreal region were taken Into

account. I1 was assumed that the outflow from Lake Ontario under the

regulation plans, thn local Inflow to the Cornwall-Montreal section of

the St. Lawrence River and the Ottawa River flow are Independent.
Average damages were determined based on the combined probability of

these events. Table C-23 summarizes the effect of the regulation plans
on inundation.

In determining average annual damages, neither the effect of future

development of presently undeveloped land, nor the effect of Increasing

value of presently developed land were taken into account. It was

assumed that for the Canadian reaches of the Great Lakes-St. Lawrence

system there would be no future development or Increasing affluence

(value) of property. For the United States reachos, sensitivity analyses

of the effect of these two factors on average annual damages or benefits

were conducted.

Sensitivity analyses were conducted on the damage data utilized by

both the United States and Canada. The effect on average annual damages

and bonefits wore determined,

5.3 Erosion

The erosion damages evaluation methodology utilized a "wave energy"

approach In the development of stage-damage curves. Wave energy was

considered to be the main source of coastal erosion damage, based on

average monthly wave energy reaching the shore. Using hlndcast wave

climates, mean beach slopes ed toe of bluff elevations above a reference

level, an Index of damage was detarmined. This Index computed, for each

reach, was used to convert stage-energy curves to stage-damage curves.
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lablo C-23 - Summary of Inundat.i Benefits

Avorage Annual Benefits Present Value of Benefits
($000) ($01).000)

La ke/'i ver 6L 15S 25N 6L 15S 25N

Superior U.S. + 4 + 14 + 39 +0.05 + 0.16 + 0.45
Can. NE NE NE NE NE NE

Michigan U.S. + 29 + 74 + 177 +0.34 + 0.86 + 2.05
Huron U.S. + 40 + 10U + 235 +0.46 + 1.16 + 2.72

Can. + 8 + 20 + 41 +0.09 + 0.23 + 0.47
;t . Clair U.S. + 85 + 208 + 406 +0.98 + 2.41 + 4.70

Can. + 82 + 187 + 319 +0.95 + 2.16 + 3.69
Irle tI.S. +332 + 815 +1,761 +3.84 + 9.43 +20.37

Can. + 56 + 127 + 231 +0.65 + 1.47 + 2.67
Ontario U.S. - 7 - 29 - 50 -0.08 - 0.34 - 0.58
(Cat. 1) Can. + 3 - 7 - 13 +0.03 - 0.08" - 0.15
't. Law. Can. + 18 - 44 - 11 +0.21 - 0.51 - 0.13

iotal (Cat. 1) +650 +1.46 +3,135 +7.52 +16.94 +36.26

Ontario U.S. - 9 28 - 58 -0.10 - 0.32 - 0.67
(Cat. 2) Can. + 3 - 4 - 14 +0.03 - 0.05 - 0.16
St. Law. Can. + 3 - 80 - 86 +0.03 - 0.93 - 0.99

Total (Cat. 2) +633 +1,433 +3,051 +7.32 +16.57 +35.29

Ontario U.S. + 42 + 37 + 15 +0.49 + 0.42 + 0.17
(Cat. 3) Can. + 21 + 17 + Jl +0.24 + 0.20 + 0.13
St. law. ran. -162 - 291 - 279 -1.87 - 3.37 - 3.23

IoaL (Cat. 3) +537 +1,308 +2,956 +6.21 +15.13 +34.19

Adjusted Basis-of-Comparison

Ontar Io IJ.S. - 4 - 9 - 31 -0.05 - 0.10 - 0.36
((ati. 3) C.an. f 1 - 3 - 9 +0.01 - 0.04 - 0.10
SI. law. ran. - 9 - 138 - 126 -0.10 - 1.60 - 1.46

flal (Cat. 3) +624 +1,395 +3,043 +7.22 +16.14 +35.20

(NE) Not evaluated. The inclusion of these evaluations would not
:iqnlficantly affect the results.
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For the United States, the erosion damages utilized were based on

the same damage survey as the Inundation damages. For the Canadian
porlion (if the Greal lakes, potential future damages were determined
hasud upon long-term erosion rates. These potent'il damages, along with
wave energies for thf 1972-1976 period were used to calculate damage
Indices. Stage-energy curves were then converted to stage-damage
curves.

While It Is known that significant erosion damages occur along the
Canadian Reach of the St. Lawrence River, there were Insufficient data
to quantitatively evaluate the Impact of the regulation plans on these
damages. It is likely, however, that Increased extreme flows, as would
occur under the regulation plans, would cause Increased erosion damages
along the Canadian Reach of the St. Lawrence River. The omission of

these damages does not have a major Impact on the overall results of
this Study. Table C-24 summarizes the effect of the regulation plans on
erosion.

Sensitivity analyses on the effect of assuming a shorter

wearoff period and varying Interest rates were conducted and applied to
both the United States and Canadian reaches. Other sensitivity analyses,
similar to those for inundation, were conducted only for the United
States reaches.

5.4 Water Pumping

Many communities near the shoreline of the Great Lakes and their

connecting rivers have water pumping facilities to serve the needs of
both Industry and population centers. These facilities were surveyed
for the 1973 International Great Lakes Levels Board Study Report to
determine the effects on them of extreme variations In lake levels. The

same methodology was adopted for this study.

The methodology for water pumping compares pumping costs between
the basls-of-comparlson and the regulation plans. The difference In

pumping costs between the two conditions represents a benefit or loss
attributable to the regulation plan. No Increase In water use was

projected In the economic evaluations of the plans.

The results of the evaluation, displayed In Table C-25, show
relatively small economic effects on water pumping.

5.5 Regulation Plan 25N

The evaluations of average annual benefits/losses on Inundation,
erosion and water pumping are summarized In Table C-26.
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Table C-24 Summary of Erosion Benefits

Average Annual Benefits Present Value of Benefits
($000) (C,000)

Lako/Rivor 6L 15S 25N 6L 15S 25N
Superior U.S. + 3 + 10 + 25 +0.03 + 0.12 + 0.29

Can. NE NE NE NE NE NE
Michiqan U.S. + 69 + 183 + 453 +0.80 + 2.12 + 5.24
Ihuron U.S. + 27 + 71 + 170 +0.31 + 0.82 + 1.97

Can. + 4 + 9 + 23 +0.05 + 0.10 + 0.27
St. Clair U.S. + 15 + 40 + 86 +0.17 + 0.46 + 0.99

Can. + 4 + 10 + 22 +0.05 + 0.12 + 0.25
Eric U.S. +295 + 763 +1,571 +3.41 + 8.82 +18.17

Can. + 14 + 35 + 76 +0.16 + 0.40 + 0.88
Ontario U.S. - 23 - 85 - 81 -0.27 - 0.98 - 0.94
(Cat. 1) Can. + 3 - 5 - 3 +0.03 - 0.06 - 0.03
St. Law. Can. NE NE NE NE NE NE

Total (Cat. 1) +411 +1,031 +2,342 +4.75 +11.92 +27.09

Ontario U.S. - 82 - 154 - 206 -0.95 - 1.78 - 2.38
(Cut. 2) Can. + 1 - 8 - 12 +0.01 - 0.09 - 0.14
St. Law. Can. NE NE NE NE NE NE

Tot l (Cat. 2) +350 + 959 +2,208 +4.05 +11.09 +25.54

Ontario U.S. + 12 - 24 - 48 40.14 - 0.27 - 0.56
(Cat. 3) Can. + 6 0 - 1 +0.07 0 - 0.01
St. Law. Can. NE NE NE NE NE NE

Total (Cat. 3) +449 +1,097 +2.377 +5.19 +12.69 +27.49

Adjusted Basls-of-Comparlson

Ontario U.S. - 13 - 49 - 73 -0.15 - 0.57 - 0.85
(Cat. 3) Can. - 1 - 7 - 8 -0.01 - 0.08 - 0.09
St. Law. Can. NE NE NE NE NE NE

Total (Cat. 3) +417 +1,065 +2.345 +4.82 +12.31 +27.12

(NE) Not evaluated. The Inclusion of these evaluations would not
significantly affect the results.
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Table C-25 - Summary of'Pumping Economic Effects

Average Annual Benef its Present Value of Benef its
($000) ($000,000)

Lake/River 6L 15S 25N 6L 15S 25N

Superior U.S. 0 0 - 1 0 0 - 0.01
Can. 0 - I - 2 0 - 0.01 - 0.02

Michigan U.S. - 9 - 26 - 65 - 0.10 - 0.30 - 0.75
Huron U.S. A A A A A A

Can. - 4 - 12 - 31 - 0.04 - 0.14 - 0.36
St. Clair U.S. 0 0 0 0 0 0

Can. 0 0 0 0 0 0
Erie U.S. - 23 - 60 -159 - 0.27 - 0.69 - 1.84

Can. - 7 - 19 - 48 - 0.08 - 0.22 - 0.56
Ontario U.S. + 1 0 0 + 0.01 0 0
(Cat. 1) Can. + 3 + 6 0 + 0.03 + 0.07 0
St. Law. Can. NE NE NE NE NE NE

Total (Cat. 1) - 39 -112 -306 - 0.45 - 1.30 - 3.54

Ontario U.S. + 1 + 2 + 2 + 0.01 + 0.02 + 0.02
(Cat. 2) Can. + 16 + 22 + 28 + 0.19 + 0.26 + 0.32
St. Law. Can. NE NE NE NE NE NE

Total (Cat. 2) - 26 - 94 -276 - 0.30 - 1.09 - 3.19

Ontario U.S. 0 + 1 + 1 0.00 + 0.01 + 0.01
(Cat. 3) Can. + 9 + 13 + 19 + 0.10 + 0.15 + 0.22
St. Law. Can. NE NE NE NE NE NE

Total (Cat. 3) - 34 -104 -286 - 0.39 - 1.20 - 3.31

Adjusted Basis-of-Comparison

Ontario U.S. 0 + I + 1 0.00 + + 0.01
(Cat. 3) Can. + 3 + 6 + 13 + 0.03 C.( + 0.15
St. Law. Can. NE NE NE NE NE NE

Total (Cat. 3) - 40 -111 -292 - 0.46 - 1.28 -3.38

(A) Included In Lake Michigan.
(NE) Not Evaluated. The Inclusion of these evaluations would not

significantly affect the results.
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Table C-26- Summary of Economic Evaluations For
Coastal 7one Interests - Plan 25N

Average Annual Benefits Present Value
($000) of Benefits

($ 000,000)

Lake/River Erosion Inundation Pumipina Total Total

Superior U.S. + 25 + 39 - I :+ 63: + 0.73
Can. NE NE - 2 :- 2: - 0.02

Michigan U.S. + 453 + 177 - 65 :+ 565: + 6.54
Huron U.S. + 170 + 235 A :+ 405: + 4.68

Can. + 23 + 41 - 31 :+ 33: + 0.38
St. Clair U.S. + 86 + 406 0 :+ 492: + 5.69

Can. + 22 + 319 0 :+ 341: + 3.94
Erie U.S. +1,571 +1,763 -159 :+3,J73: +36.70

Can. + 76 + 231 - 48 :+ 259: + 3.00
Ontario U.S. - 81 - 50 0 :- 134: - J.51
(Cat. 1) Can. - 3 - 13 0 :- 36: - O.J9
St. Law. Can. NE - 11 NE :- 11: - 0.13

Total (Cat. 1) +2,342 +3.135 -306 :+5.371: +59.81

Ontario U.S. - 206 - 58 + 2 :- 262: - 3.03
(Cat. 2) Can. - 12 - 14 + 28 :+ 2: + 0.02
St. Law. Can. NE - 86 NE :- 86: - 4.00

Total (Cat. 2) +2,208 3051 -276 :+4983: +57.63

Ontario U.S. - 48 + 15 + 1 :- 32: - 0.37
(Cat. 3) Can. - 1 + 11 + J9 :+ 29: + 0.33
St. Law. Can. NE - 279 NE :- 279: - 3.23

Total (Cat. 3) +2,377 +2,956 -286 :+5,047: +58.37

Adjusted Basis-of-Comparison

Ontario U.S. - 73 - 31 + 1 :- 103: - 4.19
(Cat. 3) Can. - 9 - 9 + 13 :- 5: - 0.06
St. Law. Can. NE - 26 E :- 126: - 4.46

Total (Cat. 3) +2,344 3,043 -292 :+5.095: +58.93

(A) Included In Lake Michigan.
(NE) Not Evaluated; the Inclusion of these would not significantly

effect the results.
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5.5.1 Erosion

Th6 evaluation of the effects of regulation plans on unprotected
coaslal zone property Is based on erosion damage +o structures and loss
of land through erosion. All lakes upstream of Lake Ontario show not'
benefits baing accrued to Plan 25N. That Is, average annual erosion
damages would be decreased If Plan 25N were Implemented. Further,
eroseion damager, would not be eliminated but would be decreased. The
be n.lt. are then due to decreased, not eliminated, damages. Lake Erie,
which i.. most affected by the limited regulation plans, would show net
avera je annual benefils to the United States coastal zone of about
$1,571,000 and to the Canadian coastal zone of about $76,000. Lake
Ontario under Category 1 regulation would show average annual losses of
about $81,000 and $3,000 to the United States and Canadian coastal
zones, respecilvely. Total sysiem-wide net annual benefits for Cate-
gory 1 erosion would amount to about $2,342,000.

ror Category 2 regulation, Lake Ontario would show increased
erosion damages relative to both Category 1 and the basis-of-comparison.
The average annual losses to the United States portion of Lake Ontario
would be about $?06,000. The Canadian portlon of Lake Ontario would
shuw erosion. losses of about $12,000, for a total of $218,000.

For Plan 25N, under Category 3 regulation, total erosion losses on
Lake Ontario would be about $81,000 when compared to the adjusted basis-
of-comparison, with the U.S. coastal zone showing losses of $73,000.
Cdtegury 3 would cut erosion losses on Lake Ontario by a factor of
three, when compared to Category 2, and Is also somewhat lesser than
Category 1. In all three categories, eroslon on the Canadian Reach of
the St. Lawrence River was not calculated, but could be expected to
reduce system-wide benef its.

5.5.2 Inundation

Inundation damages for the Great Lakes system would be reduced by
Plan 25N. For the Urilted States, Lake Erie would show the greatest
reduciion in average annual inundation damages, with an average annual
benefit of about $1,761,000. For the Canadian portion of the system,
Lake St. Clair would produce ihe greatest benefits, averaging about
$319,000 per year. All lakes upstream of Lake Ontario would show
reduced Inundation damages. The total system-wide net average annual
benefits would be about $3,135,000.

As regulated under Category I, Lake Ontario would show a loss of
about $63,000 per year; downstream, the St. Lawrence River losses would
be about $11,000 per year. Under Category 2, Lake Ontario Inundation
losses would Increase slightly to about $72,000 per year, while downstream
losses In the Canadian Reach of the St. Lawrence River would be about
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$86,000 per year. Under Category 3, Lake Ontario's annual losses would
be reduced to $40,000 while St. Lawrence River losses Increase to $126,000,
relative to the adjusted basis-of-comparlson. When compared to the
basis-of-comparlson for Categories 1 and 2, Lake Ontar,'s Inundation
changes from losses to a small average annual benefit of $26,000. This
Is more than offset, however, by average annual losses downstreaem of
$279,000.

The regulatory works for Category 3 would Include the dredging of
material from the Lachine Rapids at Montreal to permit greater releases
of water from Lake Ontario without Increasing flood damages on Lac
Saint-Louis. While such dredging would reduce flood damages on Lac
Saint-Louis for a given flow, It would be at the expense of Increased
flood damages downstream on the St. Lawrence River and on Lac Saint-
Pierre. The hydrodynamic model used In the evaluation of flood damages
could not practically be modified to accommodate dredging in the Lachine
Rapids, but It was estimated that, for any given Lake Ontario outflow,
total flood damages In the Canadian Reach would not be significantly
altered by the proposed dredging. Since one stage-damaqe curve was used
to represent all five sectors (see Section 3.2), the reduction In damages
in the Lac Saint-Louis area along with an Increase In damages in the
downstream (Repentigny to Trois-Rivieres) area would result in no change
In the overall stage-damage curve. Therefore, Canadian Reach damages
under Category 3 plans were determined In the same manner as damages
under Category 1 and 2 plans.

5.5.3 Water Pumping

All of the Great Lakes except Ontario would show minor losses In
average annual pumping costs. System-wide, the average annual lones for
Category 1 would be about $306,000, with Lake Erie showing the greatest
loss, about $207,000. Under Category 2, Lake Ontario would show a
benefit of about $30,000 per year and under Category 3, about $20,000
and $14,000 in benefits for the basis-of-comparison and adjusted basis-
of-comparison, respectively.

5.5.4 Total Benefits

For Category 1, Plan 25N would show an average annual benefit to
the coastal zone of about $5,171,000. Of this, Lake Erie would derive
the greatest benefit of about $3,432,000 per year. About 60% of the
system-wide benefits woulo be due to reduced inundation damages. The
rest of the benefits would be due to decreased erosion, with water
pumping showing a loss. The only Lake to show net losses would be
Ontario with $147,000 in average annual losses.

Category 2, which differs from Category 1 only In how It affects
Lake Ontario and the St. Lawrence River, would decrease the system-wide
benefits to about $4,983,000. Lake Ontario and downstream show Increased
losses of about $188,000 over Category 1.
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Under Category 3 regulation,' the system-wide net annual benefits
would be about $5,047,000. This is $124,000 less than Category 1, but
$64,000 greater than Category 2. Lake Ontario would show average annual
losse . of about $3,000 under Category 3, while downstream the St.
Lawrence River would show $279,000 In losses. When comparing Category 3
to the adjusted basis-of-comparlson, Lake Ontario average annual losses
are about $1U8,000, for a net system-wide benefit of about $5,095,000.

5.5.5 Sensitivity Analyses

By dpplyilng the sonsItivity analyses discussed In Section 3, upper
and lower limits were determined for these benefits. By using the
sensitivity analyses for Category I regulation, annual benefits derived
from Plan 25N could decrease to $2,967,000 or Increase to $8,127,000.
This represents a range of -43% and +57%. Similar ranges occur for
Categories 2 and 3 and are shown In Table C-16.

5.6 Regulation Plan 15S

The evaluation of average annual benefits/lobses to Inundation,
erosion and water pumping for Plan 15S is summarized in Table C-27.

5.6.1 Erosion

Plan 15S would reduce the system-wlde erosion relative to the
ba'ls-of-comparison. In general, those lakes which show erosion benefits
under Plan 25N would show erosion benefits under Plan 15S, but to a
lesser degree.

For Category I regulation, the system-wide average annual benefits
would be about $1,031,000. Again, Lake Erie would derive the greatest
benefit, with erosion being reduced an average of $798,000 per year, of
which $763,000 accrues to the United States shoreline. Lake Ontario
erosion damages would Increase by about $90,000 per year. The greatest
benefits to the Canadian shoreline would occur on Lake Erie, with erosion
being reduced by an average of $35,000 annually.

tinder Category 2, erosion on Lake Ontario would increase over both
Calegory 1 and the basis-of-comparison, with a subsequent lowering of
system-wide benefits. System-wide annual erosion benefits would be
about $959,000. Category 3 would show an Improvement over Categories 1
and 2. Lake Ontario erosion would show losses of about $24,000 and
$5b,000 relative to the basil-of-comparison and adjusted basis-of-
comparison, respectively. System-wide average annual erosion benefits
would be about $1,097,000 and $1,065,000, respectively, for the two
Category 3 banes-of-comparison.
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Table C-27 - Summary of Economic Evaluations For
Coastal Zone Interests - Plan 15S

Average Annual Benef its Present Value
($000) of Benefits

($ 000,000)

Lake/River Erosion Inundation Pumpina Total Total

Superior U.S. + 10 + 14 0 :+ 24: + 0.28
Can. NE NE - 1:- 1: - 0.01

Michigan U.S. + 183 + 74 - 26 :+ 231: + 2.67
Huron U.S. + 71 + 100 A :+ 171: + 1.98

Can. + 9 + 20 - 12 :+ 17: + 0.20
St. Clair U.S. + 40 + 208 0 :+ 248: + 2.87

Can. + 10 + 187 0 :+ 197: + 2.27
Erie U.S. + 763 + 815 - 60 :+1,518:, +17.56

Can. + 35 + 127 - 19 :+ 14.-5: + 1.65
Ontario U.S. - 85 - 29 0 :- 114: - 1.32
(Cat. 1) Can. - 5 - 7 + 6 :- 6: - 0.07
St. Law. Can. NE - 44 NE :- 44: - 0.51

Total (Cat. 1) +1,031 +1.465 -112 :+2,384: +27.57

Ontario U.S. - 154 - 28 + 2 :- 180: - 2.08
(Cat. 2) Can. - 8 - 4 + 22 :+ 10: + 0.12
St. Law. Can. NE - 80 NE :- 80: - 0.93

Total (Cat. 2) + 959 +1,433 - 94 :+2,298: +26.59

Ontario U.S. - 24 + 37 + 1 :+ i4: + 0.16
(Cat. 3) Can. 0 + 17 + 13 :+ 30: + 0.34
St. Law. Can. NE - 291 NE :- 291: - 3.36

Total (Cat. 3) +1,097 +1,308 -104 :+2,301: +26.61

AdJusted Basis-of-Comparison

Ontario U.S. - 49 - 9 + 1 :- 57: - 0.66
(Cat. 3) Can. - 7 - 3 + 6:- 4: - 0.05
St. Law. Can. NE - 138 NE :- 238: - 1.60

Total (Cat.3) +1,065 +1 395 -111 :+2,349. +27.16

(A) Included in Lake Michigan.
(NE) Not evaluated; the inclusion of these would not significantly

affect the results.
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",.6.2 Inundalion

All l kes upstream of Lake Ontario would show decreased Inundation
damdges for Plan 15S. On Lake Erie, annual Inundation damages would be
lowered about $942,000, relative to the basis-of-comparlson. Lake St.
Clair would show Inundation benefits of about $395,000 per year, which
consi .ts of $208,000 and $187,000 for the United States and Canada,
respectively. Lake Ontario's annual loss would be about $36,000 and
downs-tream, on the St. Lawrence River, annual losses would be about
$44,)O0 for Category 1 regulation. System-wide, the Inundation benefits
thal would accrue to Plan 15S, Category 1, are about $1,465,000.

Category 2 would not show as great a loss on Lake Ontario as
Calegory 1, but downstream the losses would Increase. System-wide,
Cdlejury 2 Inundation benefits would be reduced by $32,000, to about
$1,433,000. As with erosion, Lake Ontario would show Improvement under
Category 3; however, downstream on the St. Lawrence River the losses
increase. System-wide, Category 3 benefits of reduced Inundation would
be about $1,308,000 and $1,395,000 for the basis-of-comparison and
adjusted basis-of-comparlson, respectively.

-5.6.3 Water Pumping

Water pumping would be relatively unaffected by Plan 15S. Minor
losses would be shown on Lakes Michlgan-Huron and Erie. ,Total Cate-
gory I losses wuuld be about $112,000 per year.

Category 2 would show a benefit to water pumping on Lake Ontario,
due to somewhat higher levels. Consequently, the system-wide losses
under Category 2 would be reduced to about $94,000 per year. Under
Category 3 the system-wide benefits would be about $104,000 and $111,000
per year, respectively, for the basis-of-comparlson and adjusted basis-
of-comparison.

5.6.4 Total Benefits

Plan 15S would show an average annual benefit to the coastal zone
of the Great Lakes-St. Lawrence system of about $2,384,000 for Cate-
gory 1. Lake Erie would derive the greatest benefit with about $1,661,000
In reduced damages annually. Lake St. Clair would show average annual
benefits of about $445,000. Benefits to the United States coastal zone
would be about $2,078,000 and to the Canadian coastal zone would be
about $306,000. Lake Ontario would have an average annual loss of about
$120,000. The Canadian Reach of the St. Lawrence River would have an
average annual loss of about $44,000, due to Increased flooding.

Category 2 would Increase the average annual losses on Lake Ontario
and downstream by about $86,000, relative to Category 1. This Is due to
Increased erosion on Lake Ontario and increased inundation on the
St. Lawrenco River. The system-wide benefits for Category 2 regulation
of Plan 15S are about $2,298,000 per year.
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Under Category 3, the coastal zone Interests on Lake Ontario would
show benefits that total $44,000. However, with losses downstream of
$291,000 the system-wide average annual benefits would be about $2,301,000.
With the adjusted basis-of-comparlson, system-wide bene'tts for Category
3 would be about $2,349,000 annually.

5.6.5 Sensitivity Analyses

By applying sensitivity analyses to the results, a range of possible
benefits were obtained. As a result, Category I benefits could be as
low as $1,366,000 and as high as $3,746,000, system-wide. This Is a
variation of -$1,018,000 and +$1,362,000, or -43% and +57%, respectively.
Lake Erie would show the greatest effect, where benefits could decrease
to $950,000 or Increase to $2,623,000. Categories 2 and 3 show similar
ranges. The ranges by Lake and Category are shown In Table C-18.

5.7 Regulation Plan 6L

The evaluation of average annual benefits/losses to Inundation,
erosion and water pumping for Plan 6L Is sumnarized In Table C-28.

5.7.1 Erosion

Plan 6L is expected to reduce Great Lakes average annual erosion
damages by about $411,000 with a loss of about $20,000 per year using
Category I regulation on Lake Ontario. Lake Erie would account for
about 75% of the erosion benefits, with $309,000 In reduced damages.
Under Category 2, Lake Ontario erosion damages would Increase by another
$61,000 to show an annual loss of about $81,000. System-wide erosion
benefits under Category 2 would be about $350,000 per year. Under
Category 3, system-wide benefits due to reduced erosion would be about
$449,000 and $417,000 annually for the basis-of-comparison and adjusted
basis-of-comparlson, respectively.

5.7.2 Inundation

Inundation is affected to a greater degree than erosion under Plan
6L. System-wide, the average annual benefits for Category I would be
about $650,000. Lake St. Clair would show benefits of about $167,000
annually and Lake Erie about $388,000 annually. Lake Ontario would have
slight annual losses amounting to about $4,000 while downstream, the
annual benefits would be about $18,000.

Under Category 2, Inundation benefits would be reduced in relation
to Category 1. Lake Ontario would show losses of about $6,000 while
downstream a net annual benefit of $3,000 is accrued. This would result
in total system-wiae Plan 6L benefits to Inundation of about $633,000,
which Is $17,000 less than Category 1.
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lable C-28 - Summary of Economic Evaluations For
Coastal Zone Interests - Plan 6L

Average Annual Benefits Present Value
($000) of Benefits

(S 000,000)

Lake/kiver Eros i on Inundation Pumping Total Total

Superior U.S. + 3 + 4 0 :+ 7: + 0.08
Can. NE NE 0 0: 0.00

Michigan U.S. + 69 + 29 - 9 :+ 89: + 1.03
Huron U.S. + 27 + 40 A :+ 67: + 0.77

Can. + 4 + 8 -4 :+ 8: + 0.09
St. Clair U.b. + 15 + 85 0 :+100: + 1.16

Can. + 4 + 82 0 :+ 86: + 0.99
Zrie U.S. 4 295 +332 -23 :+604: + 6.99

Can. + 14 + 56 - 7 :+ 63: + 0.73
Ontario U.S. - 23 - 7 + 1 :- 29: - 0.33
((;"t. 1) Can. + 3 + 3 + 3 :+ 9: + 0.10
St. Law. Can. NE + 18 NE :+ 18: + 0.21

Total (Cat. 1) +411 +650 -39 :+1,022: +11.82

Ontario U.S. - 82 - 9 + 1 :- 90: - 1.04
(Cat. 2) Can. + .1 + 3 +16 :+ 20: + 0.23
SI. Law. Can. NE + 3 NE :+ 3: + 0.04

Total (Cat. 2) +350 +633 -26 :+957: +11.07

Ontario U.S. + 12 + 42 0 :+ 54: + 0.62
(Cat. 3) Can. + 6 + 21 + 9 :+ 36: + 0.42
Si. Law. Can. NE -162 NE :-162: - 1.87

Tolal (Cat. 3) +449 +537 -34 :+952: +11.0

AdJ usted Basis-of-ComparIson

Ontario U.S. - 13 - 4 0 :- 17: - 0.20
(Cat. 3) Can. - 1 + I + 3 :+ 3: + 0.04
St. Law. Can. NE - 9 NE :- 9: - 0.10

rotal (Cat. 3) +4.17 +624 -40 :+1_.001: + 11.58

(A) Included In Lake Michigan
(NI) Not evaluated; the Inclusion of these would net significantly affect

the results.
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Under Category 3, Lake Ontario shows a net benefit of $63,000 while
losses downstream would be about $162,000. Total system-wide Plan 6L
benefits due to reduced Inundation would be $537,000 annually. When
comparing Category 3 to the adjusted basis-of-comparlsot., the system-
wide Inundation benefit would be about $624,00.

5.7.3 Water Pumping

Water pumping would be virtually unaffected by Plan 6L. The total
losses system-wide for Categories I and 2 would be about $39,000 and
$26,000, respectively, and for Category 3 about $34,000 and $40,000 for
the basis-of-comparison and adjusted basis-of-comparison.

5.7.4 Total Benefits

Plan 6L would show a net average annual benefit to coastal zone
Interests of about $1,022,000 under Category 1 regulation of Lake
Ontario. Over 60% of these benefits would be due to decreased Inundation
damages. Water pumping would show a very small loss wli the remainder
of the net benefits being accrued to reduced erosion damages. About 82%
of all benefits would accrue to the United States coastal zone.

Under Category 2 regulation of Lake Ontario, the system-wide
benefits would decrease slightly, to about $957,000. As with Cate-
gory 1, Lake Erie would accrue the greatest net benefits - about $667,000
annually, of which $604,000 would accrue to the United States coastal
zone interests. The decrease in benefits, relative to Category 1, would
be due mainly to Increased erosion damages on Lake Ontario.

For the United States reaches of Lake Ontario, Category 3 regula-
tion would show marked Improvement over Categories 1 and 2. Relative to
the basis-of-comparison, the U.S. reaches would show average annual
benefits of about $54,000. Relative to the adjusted basis-of-comparison,
the U.S. reaches would sustain average annual losses of about $17,000.
The Canadian reaches of Lake Ontario would show average annual benefits
of $36,000 and $3,000 relative to the basis-of-comparison and the adjusted
basis-of-comparison, respectively. The Canadian Reach of the St. Lawrence
River would show average annual Category 3 losses of $162,000 and $9,000
when compared to the two bases-of-comparison. Total system-wide average
annual benefits for Category 3 would be about $952,000 for the basis-of-
comparison and $1,001,000 for the adjusled basis-of-comparlson.

5.7.5 Sensitivity Analyses

By applying sensitivity analyses to the evaluation results, a range
of possible results were obtained. Table C-20 details these analyses by
Lake and regulation category. For Category 1, total system-wide benefits
could be expected to range from $606,000 to $1,574,000. This is a range
of -$416,000 and +$552,000 from the calculated benefits of $1,022,000.
This Is a range of -41% and +54%, respectively. Similar results wore
obtained for Categories 2 and 3.
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COMPUTER SOFTWAAE

In the course of executing Its assigned tasks, the Coastal Zone
Subcommittee developed and used a number of computer programs. These
programs made it possible to accomplish detailed evaluations of the
proposed regulation plans.

The Coastal Zone Subconmittee evaluations fell Into three categories:
erosion, Inundation and water Intakes pumping. Each evaluation has Its
own computer program, written In Fortran. The U.S. Section has combined
the three programs Into one package to more efficiently evaluate the
proposed regulation plans. This annex will address the evaluation
programs as they are contained in that package.

The evaluation package (CZSEVAL - for Coastal Zone Evaluations)
consists of a short main program and eight subroutines. Figure Al-i
shows the flow chart for CZSEVAL and Figure AJ-2 is a listing of the
program. The main program Inputs the regulation plan name and levels
and calls for the execution of the desired evaluations. All three
evaluations can be executed in one run. The main program calls an
evaluation if a flagging variable is set to a value greater than zero;
otherwise the evaluation is skipped (see Figure Al-I).

Some data are common to all of the evaluations - such as regulation
plan name, levels, and years In the period-of-record. These date are
contained In a COMMON block. Other needed data are Input from the
individual subroutines. (evaluations).

The first evaluation called by the main program Is erosion. The
erosion subroutine (EDE2-Erosion Damage Evaluation) calls for the Input
of erosion stage-damage curves and wearoff values. The stage-damage
curves are read In from their assigned tape, TAPE?, and the wearoff is
Input from the same tape as the regulation plan levels, TAPEIO. (The
erosion stage-damage curves for the U.S. Section are listed in Figure
A2-1, and for the Great Lakes portions of the Canadian Section In Figure
A2-2).

The first line of data In each erosion stage-damage curve contains
the Reach number, number of levels and the lake number. The lakes are
numbered ono through five, going upstream from Lake Ontario to Lake
Superior. Lakes Michigan end Huron, with common monthly mean levels,
are assigned the same lake number. The monthly mean levels for the
period of record for the regulation plan are printed out before thefirst reach of each lake. Each year has ten damage values associated
with it - one each for the months of March through December. The monthly
moan levels and damage values are reed In from alternating lines - the
level from lines two, four, etc and the damages from lines three, five, .
etc; as many pairs of lines as Indicated from line one. The stage-d e " "
curve and the wearoff are then output. 4! "
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After the erosion program calculates the damage for a month it

calls another subroutine, DAW (Damage After Wearoff). This subroutine
Increments the monthly mean level by an amount equal to the wearoff.
The damages for that month are then calculated. Subr,,tine AMD (Average
Monthly Damage) calculates the monthly mean damages for the period-of-
record :or the wearoff-incremented mean water levels.

After calculating all of the monthly and average annual damages for
the period-of-record, the average annual damages before and after the
wearoff Increments are input to subroutine EC (Economic Calculations).
The difference between the two average annual damages Is uniformly
distributed over fifty years and the present worth calculated. From the
present worth an average annual damage Is calculated. The present worth
and average annual damages over the fifty years are output.

The second evaluation called by the main program Is Inundation. The
inundation program (INUNDAT) Inputs the Inundation stage-damage curves
and the historic storm rises. The storm rise data are Input-from TAPE8
and the stage-damage curves from TAPE5, the normal input tape. The
historic storm rises are Input as Integers (in hundreaths of a foot), 20
for each month. The stage-damage curve lists stoi-mwater and damage.
(Figure A2-3 and A2-4 list the inundation stage-damage curves for the
U.S. and Canadian Sections, respectively. Figures A2-5 and A2-6 list
the historic storm rises for the U.S. and Canadian Sections, respectively).

Subroutine INUNDAT cal Is subroutine FREQ (Frequency) to derive a
stormwater-frequency curve. Each historic rise Is added to each monthly
mean level to obtain stormwater levels. These are then ordered and an
empirical frequency determined. The damage for each stormwater level Is
multiplied by the frequency of occurence of that level. This is done
for all the combinations of stormwater levels for the month and summed
to give average monthly damages. This process is repeated for each
month and summed to give average annual damages.

The inundation subroutine also calls subroutine STATS (Statistics)
to compute Intermediate damages between the points on the stage-damage
curve. The stage-damage curve is output, along with the average monthly
damages and average annual damage.

The erosion and Inundation evaluations are done on a Reach basis.
The total damage for each lake Is obtained by adding the damages for the
Reaches on that lake. The erosion and Inundation evaluations executeuntil there are no more stage-damage curves to input.
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The third, and final, evaluation called by the main program Is the
effect of the regulation plans on pumping water out of the lakes (Subroutine
PUMPING). The subroutine PUMPING calculates the annual mean level for
the regulation plan for each year. The annual mcan level for the Basis-
of-Comparison Is also calculated, with the values Input from TAPE9.

This evaluation requires no additonal data Input. The cost of
pumping water per foot of lift to a point ten feet above datum Is already
In the subroutine, as Is the amount of water pumped per lake. It was
determined In the IGLLB Study that, generally, on the Great Lakes most
treatment plants require the water to be pumped about ten feet above Low
Water Datum. The subroutine calculates and prints out the cost of
pumping the water for the Basls-o,-Comparlson and the regulation plan
for each year of the perlod-of-record. The total costs and average
annual costs are determined and output.

The Canadian Section did not use subroutine PIMPING for the evaluation
of regulation plans. Instead, this was performed with the aid of a
calculator using the method outlined above.
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FIGURE Al-'
PROGRAM LISTING

PROGRAM CZSEVAL(INPUTOUTPUTTAPES=INPUT,
TAPE6=OUTPUTtTAPE7,TAPESTAPE9T PEIO )

C
C
C THIS PROGRAM WILL TIE TOGETHER THE VARIOUS EVALUA-
C TIONS USED IN THE ECONOMIC ANALYSES OF THE.COASTAL ZONE
C SUBCOMMITTEE. THE ANALYSES ARE:
C 1. INUNDATION - USING FREQUENCY ANALYSIS OF RISE DATA
C 2. EROSION - USING WAVE ENERGY HIND-CASTING
C 3. WATER PUMPING
C
C THE IAPE INPUTS ARE:
C TAFES: INPUT OF INUNDAIION STAGE-DAMAGE CURVES
C TAPE6: OUTPUT OF RESULTS
C TAPE7: INPUT OF EROSION STAGE-DAMAGE CURVES
C TAPE8*: INPUT OF RISE DATA, USED IN EVALUATION 1
C TAPE9*: INPUT BASE CASE LEVELS FOR EVALUATTnN 3
C TAFEIO: INPUT REGULATION LEVELS FOR EVALUATIONS 1,2&3,
C AND INPUT OF WEAROFF FOR THE EROSION EVALUATION
C
C
C
C THE DAMAGES GENERATED WILL BE IN JULY 1979 DOLLARS. FOR
C THE UNITED STATES SECTION, INUNDATION AND EROSION STAGE-
C DAMAGE CURVES ARE IN AVERAGE 1975 DOLLARS. AN ENR INDEX
C WAS USED TO UPDATE INUNDATION AND EROSION CURVES ---
C 1975 AVERAGE ENR INDEX: 1306.
C JULY 1979 ENR INDEX: 1826.5
C FACTOR TO UPDATE TO JULY 1979 = 1826.5/1306. - 1.39855
C
C PUMPING IS IN AVERAGE 1977 DOLLARS.
C 1977 ENR INDEX :1515.
C FACTOR TO UPDATE TO JULY 1979 = 1826.5/1515. = 1.2056
C
C FOR THE CANADIAN SECTION, INPUT DATA ARE IN JULY
C 1979 DOLLARS AND NO UPDATING WAS NECESSARY.
C
C

COMMON/A/NCASES
COMMON/B/REGNAM(),LEVALEVBPWL(79,12,5),RPWL(79,12,5)
DIMENSION REGNBAS(S)v AFLG(3)

C

C USE THE ARRAY AFLO ( A FLAG ) TO CALL THE ANALYSES.
C

DATA AFLG/11.,12.,13./

C READ IN REGULATION PLAN NAME AND LEVELS
C READ IN BASE CASE NAME AND LEVELS
C

READ C 9,1000 ) LEV, (REGNPAS(II),IIl=1B)
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FIGURE A1-2(CONT'D)

READ ( 10,1000 ) LEVP (REGNAM(I),I=lr8)
1000 rORiAT ( 12P8A7 )

LAK = 0
ALEV = FLOAT(LEV)

100 LAK = LAK + 1
IF ( LAK .GT. 5 ) 00 TO 140
DO 120 I = 1,LEV

READ ( 9,1010 ) ( BPWL(IvKLAK)vK=1912 )
RLAD ( 10P1010 ) ( RPWL(IPJPLAK)J=1#1 2 )

1010 FORMAT ( 12F6.2 )
120 CONTINUE

GO TO 100
140 CONTINUE

C
C
C CALL THE EROSION EVALUATION

IF ( AFLG(1) .GT. 0.0 ) CALL EDE2
C
C

C CALL THE INUNDATION EVALUATION
IF ( AFLG(2) ,GT. 0.00 ) CALL INUNDAT

C
C
C CALL THE PUMPING EVALUATION

IF ( AFLG(3) .GT. 0.00 ) CALL PUMPING
C
C
C

STOP
END
SUBROUTINE PUMPING

C
C THIS SUBROUTINE CALCULATES THE RELATIVE EFFECT OF THE
C REGULATION PLANS ON PUMPING WATER OUT OF THE LAKES. THE
C FREMISE OF THE EVALUATION IS THAT THE HIGHER THE LAKE
C LEVELS, THE LESS DISTANCE THAT THE WATER MILL HAVE TO BE
C PUMPED VERTICALLY TO THE TREATMENT PLANTS.
C
C THE AMOUNT OF WATER PUMPED OUT OF EACH LAKE IS LISTED
C IN THE ARRAY PUMP. THE SUBROUTINE CALCULATES THE AVERAGE
C ANNUAL LEVEL FOR THE REGULATION PLAN (ARRAY RPWL) AND FOR
C THE BASE CASE (ARRAY BPWL). IT THEN CALCULATES THE AVER-
C AGE COST OF PUMPING THE WATER FOR BOTH THE REGULATION PLAN
C AND THE BASE CASE. THE EVALUATION THEN OUTPUTS THE YEAR,
C AVERAGE LEVELS, COSTS AND BENEFITS (DIFFERENCE IN COSTS)
C EACH YEAR OF THE PLANS. THE TOTAL COSTS AND PERIOD-OF-
C RECORD AVERAGES ARE PRINTED OUT AT THE END, ALONG WITH
C THE AVERAGE DIFFERENCE (BENEFIT OR LOSS).
C
C THE CANADIAN SECTION OF THE COASTAL ZONE SUBCOHMITTEE
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FIGURE A1-2(CONT'D)

C DID NOT USE THIS SUBROUTINE. INSTEADw A CALCULATOR WAS
C USEDJ AND LOSTS ANDI BENEFITS DETERMINED BY NA::D,
C
C

DIMENSION AVER(10092)v DUMMY(l0O,5)
COMMOU/B/REGHAM(B) 'LEVPALEVBPWL(79,I2,5) vRPtdLC79,12p5)
DIMENSION PUMP(5,2) ,ALAKE(5)
DATA ALAKE/BHONTARIO P8HERIE 98HST CLAIRrBHMiICH HURP
8HSUPERIOR /
DATA PUMF/15097O.i22' 3859O.,0.,2511O40.,151555.,

1242 .8, 568. 6v0 , 576#8v,600 *0/
f Do ill ILAK=195

bARD1=0.
WARD 2 =0.

C
C CALCULATE YEARLY AVERAGE LEVEL AND PUT IN ARRAY AVER(N92)
C AVER(Nvl)= BASIS-OF COMPARISON AVERAGE LEt'Fl FOR YEAR N
C AVER(N92) = REGULATION PLAN AVERAGE LEVEL FOR YEAR N
C

DO 21 I=lLEV

DO 3 J=lp12
3 SUM=SUM+ BPWL (IJPILAK )

AVER(Ivl1)=SUMi/12.00
SUM=O
DO 4 J~l1,

4 SUM=SUM+RPJL (IrJvILAK)
2 AVER(I92) = SUM/12.0O

SUMB=O.
DO 42 I=IPLEV
A=AVER(IP2)
B=AVER( Ii1)

C
C CALCULA TE PUMPING COST FOR YEAR I TO A DATUM 10 FEET
C ABOVE LWD.

C= (PUMP(ILAK,1) )*.10*(PUMP(ILAK,2)+10.-B)
DlD=(PUMF(ILAK,1))*.l0*(PUMP(ILAK,2)+10.-A)

C
C ADJUST PUMPING COSTS TO JULY 1979 S.
C

C = C * 1.20561
DD=DD * 1.20561
EE=C-DD
WARDi =WARD1 +C
WARD2=WARD2+DD
SUMB=SUMB+EE
DUMMY(Iv1)=A
DUMMYC I 2)=B
DUMMY(Iv3)=DD
DUMMY(Ir4)-C
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DUMHY(I,5)=EE

42 CONTINUE
SUMB, SUMB/ALEV
PRINT 900, REGNAM, ALAKE(ILAK), PUMP(ILAK,2),
1 PUMf (ILAK,2)4I0. ,PUMP(ILAK,1)

900 FORMAI (1HI 34X 'COASTAL ZONE SUBCOMMITTEE " // 32X,
1 'PUMFIHG BENEFITS TO WATER INTAKE FACILITIES'u//,30X,
2 BA7,//,43X,'LAKE 'AS,//943XfLWD',F10o29//toPUMPING'i
3 ' ELEVATION',F10.2,//32X,'WATER PUMPED 1977 CONDI',
4 'TIO0S',FIO.2,//, 2(0 REGULATED',
5 ' R/A REGULATED R/A BENEFIT'),
6 /,2(' YEAR STAGE STAGE COST',
7 * COST DOLLARS')v/ )
KHALF=LEV/2
DO 977 I=IKHALF
K=1899+KHALF+I
M=KHALF+I

977 FNT 901,I+1899,(DUMMY(IvJ),J=1,5),Ky(DUMMY(MPL),L-I,5)
901 FORMAT(2(16,2F9.3v3F9.0))

IF(LEV .EQ. 2*KHALF) GO 10 904
M LEV
PRINT 902, M+1899,(DUMMY(MvL)vL=1,5)

902 FORMAT(51X,16,2F9.3t3F9.0)
904 A=WARD1/ALEV

B=WARD2/ALEV
C= SIMB/ALEV
PRINT 905,WARD1,WARD2oA,B,SUMB

905 FORMAT(//,21X,'TOTAL COSTS ",F15.0f' (R/A)'vF14oO,
1 ' (REGL)',/,22X,'AVERAGE ANNUAL'PF14.0y" (R/A)',
2 F14.0,' (REGL)',F12*0,' (DIFF JULY 1979 DOLLARS)' )

111 CONTINUE
RETURN
ENDr
SUBROUTINE INUNDAT

C
C THIS SUBROUTINE EVALUATES THE EFFECT OF THE REGULATION
C PLANS ON INUNDATION. THE PREMISE OF THE EVALUATION IS
C THAT THE SHORT-TERM RISES WILL NOT BE AFFECTED BY LAKE
C REGULATION. THEN, THE HISTORIC RISES CAN BE USED TO DE-
C TERMINE STORM-WATER LEVELS FOR EACH REGULATION PLAN,
C THIS IS ACCOMPLISHED BY ADDING EACH HISTORIC RISE FOR A
C PARTICULAR MONTH TO THE MONTHLY MEAN LEVELS FOR THE COR-
C RESPONDING MONTH. THIS GIVES THE STORM-WATER LEVELS, FOR
C 20 YEARS OF RISES AND 77 YEARS OF LEVELS, THERE IS A PO-
C SIBILITY OF 20 TIMES 779 OR 1540, STORMWATER LEVELS. THIS
C PROCESS IS DONE IN THE SUBROUTINE FREQ.
C
C THE STAGE-DAMAGE CURVES ARE READ IN ON TAPE5. THE SUB-
C ROUTINE STATS CALCULATES THE SLOPE BETWEEN THE POINTS ON
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C THE CURVE AND CALCULATES THE INTERCEPT OF THE LINE BETWEEN
C EACH PAIR OF ADJACENT POINTS. THE SUBRINE STATS ALSO OUT-
C PUTS THE STAGE-DAMAGE CURVES, SLOPES AND INTERCEPTS.
C
C THE HISTORIC SHORT-TERM RISES ARE READ IN ON TAPES AND
C ARE USED IN SUBROUTINE FREG. ONCE THE STORMWATER LEVELS
C ARE DETERMINEDY THE NUMBER OF OCCURENCES OF EACH STORMWA-
C TEP LFVEL APE COUNTED AND THE FREQUENCY OF THAT LEVEL DE-
C TERMINED BY DIVIDING THE OCCURENCES BY THE TOTAL NUMBER OF
C STORMWATER LEVELS.
C
C THE DAMAGES ARE DETERMINED BY FINDING THE DAMAGES ASSO-
C CIATED WITH EACH STORMWATER LEVEL, USING THE STAGE-DAMAGE
C CURVE. THE DAMAGE FOR THAT STORMWATER LEVEL IS MULTIPLIED
C BY THE FREQUENCY ASSOCIATED WITH THAT LEVEL* THIS IS DONE
C FOR EACH STORMWATER LEVEL AND SUMMED. THE PROCESS IS RE-
C PEATED FOR EACH MONTH. FOR THE UNITED STATL6 EVALUATIONS,
C THE TOTAL DAMAGES FOR EACH MONTH ARE MULTIPLIED BY ABOUT
C 1.4 TO UPDATE THE DOLLAR VALUE FROM 1975 TO JULY 1979.
C
C

COMMON/A/NCASES
COMMON/B/REGNAM(B),LEVALEVBPWL(79,12,5),RPWL(79,12,5)
PARAMETER NOYRST=79,NOYRRS=20,NOCOUR=5000,IASIZE=20
DIMENSION ISTAGE(NOYRST,12y5), IRISE(NOYRRS,12),
1 VALUE(12)v NRISE(12), IFREO(NOCOUR), AYINT(50)v
2 ASUMPR(12), MTHNAM(12)t ASTAGE(50), ADAMAGE(50),
3 ASLOFE(50)
INTEGER COUNT(16), HSTRIS(16,20912)v RCHLAK(38),

1 RCHGAG(38)
DATA RCHLAK /5*1,4*2v2*3,19*4,8*5/
DATA MTHNAM / ION JANUARYP 1OH FEBRUARY,
1 ION MARCH, ION APRIL, 1OH MAY,
2 1OH JUNE, ION JULY, 1OH AUGUST,
3 1OH SEPTEMBER, ION OCTOBERP 1OH NOVEMBER,
4 1OH DECEMBER /
DATA RCHGAG /2,2w 1,l1 5,5,4,3,6,6,9,9,7,6,8,7,9,13,12,
l 2,11,11,10,I0 9,13,13,13,13,16,15o14,14,14,14,14,14/

REWIND 8
READ (8) COUNT
READ (8) HSTRIS

DO 100 1 - 1,5
DO 100 J = 1,LEV

DO 90 K w 1F12

90 ISTAGE ( J,K,I ) 100. * RPWL(JPKPI) + 0.5
100 CONTINUE

11000 READ ( 5,5050, END=9999 ) NREACH,NMRCH
5050 FORMAT ( I2,7XA4 )

WRITE C 6,6000 )
6000 FORMAT (IH148X,'***** INPUT DATA *****',// )
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WRITE C696010 )NMRCH
6010 FORMAT SXv 'REACHv X PMv//

600WRITE 696020 )
600FORMAT(32Xi'STAGE*913XP*DAMAGE v11X,'SLOPE,11IXv

Y-INT*//)
NCASES, 0

77? READ ( 595S020 ) SrD
5020 Ffl)F:Me)T ( F6.2Yrlo."

IF (S .LE. 0. .OR. D .LE. 0. 00G TO 203
NCASES NCASES + 1
Ac*TAGE CNCASES ) =S
AEIAMAGE (NCASES ) vD
GO TO 777

203 NGUAGE RCH6AG ( NREACH)
ILAKE RCHLAK (NREACH)
I\OUNT COUNT (NGUAGE)
DO 150 J1 1112

NRISE (J) KOUNT
DO 150' 1 1pKOUNT

150 IRISE 19IJ ) HSTRIS ( NGUAGE9 Ir J)
CALL STATS CASTAGEvADAMAGEv ASLOPEP AYINT)
INDX =0

TOTPR 0.00
DO 500 IMONTH 1,I12

INDX = INDX + 1
CA~LL FRED (ISTAGE(1,IMONTHvILAKE)v LEVr IRISE(1IIONTH)p
NRISE(IMONTH)iIFREQ(1),NFREOvKSTAGEFRD

STAGE = 01*FLOAT(KSTAGE)
SUMFR = 0.0
SUMFR 0.0
ICNT 0

DO 300 1 - 1NFREQ
*IF (IFREOCI) *EQ. 0) GO TO 300

ICNT - ICNT +1I
FR =FRQ$FLOAT(IFREO(I))
SUMFR - SUMFR + FR
IF ( STAGE *LE* ASTAGE~i) ) Mi 2
IF C STAGE .LEo ASTAGE~l) ) GO TO 95

DO 80 M = 2v NCASES
IF(STAGE.GT.ASTAGECM-1) .AND.STAGE.LE.ASTAGE(M))

SGO TO 95
80 CONTINUE

M NCASES
95 DAMAGE=CSTAOE-AYINT(Il))/ASLOPE(M)

IF ( DAMAGE oLTo 0. ) DAMAGE 0.
PRODUCT a DAMAOE*FR

PRODUCT m PRODUCT * 1.39855
SUMPR a SUMPR + PRODUCT

300 STAGE = STAGE 4 0.01

ASUMPR (IMONTN) *SUIIPR
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TOTPR = TOTPR + SUMPR
500 CONTINUE

WRITE ( 6,6616 ) REGNAMY NHRCH
6616 FORhMA ( 12X,8A7,12XA5 )

DO 666 JJ = 1,12
WRITE ( 6,6860 ) MTHNAM(JJ), ASUMPR(JJ)

6800 FURMAiT ( 47X, AIO, 2X, F1Oo0 )
11-6 C Of!T INUE

WRITE ( 6,6865 ) TOTPR
6865 FORMAT ( /, 36X, 'AVERAGE ANNUAL DAMAGE = F10.0 ,

a JULY 1979 DOLLARS )
6O TO 11000

9999 RETURN
END
SUBROUTINE FREQ(ISTAGE, LEV, IRISE, NRISE, IFREG, NFREG,

KSIAGE, FRO)
C
C THIS SUBROUTINE CALCULATES STORMWATER LEVELS AND THEIR
C FEOLUEI.CIES. 'THE HISTORIC RISES WERE READ IN FROM TAPES
C AND ARE IN THE ARRAY IRISE. THE CALCULATED STORMWATER
C FREQUENCIES ARE IN THE ARRAY IFREG.

DIMENSION 1STAGE(I), IRISE(1), IFREG(1)

MAXRISE n 0
MINRISE = 99999
J=0
DO 10 1 = 1,NRISE

IF ( IRISE(I) .EO. 0) 60 TO 10
IF ( IRISE(I) .LT. MINRISE ) MINRISE = IRISE(I)
IF ( IRISE(1) .ST. MAXRISE ) MAXRISE = IRISE(I)
J=J+ 1
IRISE(J) = IRISE(I)

10 CONTINUE
NRISE J
MAXSTG ISTAGE(I)
MINSTG = ISTAGE(1)
DO 20 I 2,LEV

IF ( ISTAGE(1) - hAXSTG ) 15Y20912
12 MAXSTG = ISTAGE(1)

30 TO 20
15 IF ( ISTAGE(I) - MINSTO ) 17v20,20
17 MINSTO = ISTAGE(I)
20 CONTINUE

KSTAGE MINSTO + MINRISE
NFREQ = MAXSTG + MAXRISE - KSTAOE 41
DO 30 I = 1,NFREQ

30 IFREO(I) = 0
DO 50 I = INRISE

IBASE a IRISE(I) - KSTAGE + 1
DO 40 J = IPLEV

ISUB = IBASE + ISTAGE(J)
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40 IFREQ(ISUB) = IFREQ(ISUB) * 1
50 CONTINUE

FRO = 1.00/FLOAT(NRISE*LEV)
RETURN
END
SUBROUTINE STATS (ASTAGEP ADAMAGE, ASLOPE, AYINT )

C
C THIS SUBROUTINE CALCULATES THE SLOPES AND INTERCEPTS
C BETWEEN EACH PAIR OF ADJACENT POINTS ON THE INUNDATION
C STAGE-DAMAGE CURVE. IT ALSO OUTPUTS THE STAGE-DAMAGE
C CURVES, SLOPES AND INTERCEPTS.
C

DIMENSION ASTAOE(20) ADAMAGE(20) ASLOPE(20),AYINT(20)
COMMON/A/ NCASES
ICNT 1
WRITE ( 6,6020 ) ICNT, ASTAGE (ICNT)t ADAMAGE (ICNT)

6020 FORMAT ( 22X, 15, 5X, F6.2, 6X, F12.2 )
DO 100 ICNT = 2,NCASES

ASLOPE(ICNT) ( ASTAGE(ICNT) - ASTAGE(ICNT-1) ) /
ADAMAGE(ICNT) - ADAMAGE(ICNT-1)

AYINT(ICNT) =ASTAGE(ICNT)-ASLOPE(ICNT)SADAMAGE(ICNT)
WRITE ( 6,6111 ) ASLOPE (ICNT)t AYINT (ICNT)

6111 FORMAT ( 62X, F1O.B, lOX, F6.2 )
WRITE ( 696020 ) ICNT, ASTAGE (ICNT)t ADAMAGE (ICNT)

100 CONTINUE
RETURN
END
SUBROUTINE EDE2

C
C THIS SUBROUTINE CALCULATES THE EFFECT OF THE REGULATION
C PLANS ON EROSION. THE STAGE-DAMAGE CURVES WERE DERIVED
C FROM MONTHLY TOE-OF-BLUFF WAVE ENERGY CALCULATIONS, SUP-
C PLIED BY GROUP 59 CANADA. EROSION IS ASSUMED TO OCCUR IN
C THE MONTHS OF MARCH TO DECEMBER. JANUARY AND FEBRUARY ARE
C ASSUMED TO BE ICE COVERED AND NOT SUBJECT TO EROSION*
C
C THE STAGE-DAMAGE CURVES ARE READ IN FROM TAPE7 AND ARE
C IN THE ARRAY DAML. THE ARRAYS USED IN THE EVALUATION ARE:
C DAML : STAGE-DAMAGE CURVES
C DAMX MONTHLY DAMAGES FOR PERIOD-OF-RECORD
C ADAM : AVERAGE MONTHLY DAMAGE FOR A MONTH FOR PERIOD-OF-
C RECORD
C DAMN : TOTAL DAMAGES BY MONTH FOR PERIOD-OF-RECORD
C ADAW t SAME AS ADAM EXCEPT LEVELS ADJUSTED BY WEAROFF
C DAMW : SAME AS DAMN EXCEPT LEVELS ADJUSTED BY WEAROFF
C SUM t TOTAL DAMAGES FOR A YEAR ( BEFORE WEAROFF )
C
C WEAROFF IS DEFINED AS THE DIFFERENCE IN LONG-TERM LAKE
C LEVEL AVERAGE BETWEEN THE REGULATION PLAN AND THE BASE
C CASE. IT IS READ IN FROM TAPE1O IN THIS SUBROUTINE. THE
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FIGURE A1-2(CONT'D)

C STAGE-DAMAGE CURVESP MONTHLY MEAN LEVELS, MONTHLY DAMAGES,
C AVERAGE MONTHLY DAMAGES, TOTAL DAMAGES PER YEAR. AVERAGE
C ANNUAL DAMAGES BEFORE AND AFTER WEAROFF AND THE DISCOUNTED
C AVERAGE ANNUAL DAMAGES ARE PRINTED OUT.
C

COMMON/BI/REGHAM(8),.LEVPALEVBFWL(79,12,5)FRPWL(79,12,5)

DIMENSION tAML(19.11) ,DAMM(1O),DAMW(I0)v DAMX(79u10)
DIMENSION ADAM(IO)PLAKE(2), ADAW(1O), K(79)p SUM(79)
WRITE (6,602)

602 FORMAT (1H1,//v40Xt*REGULATION PLAN MONTHLY MEAN WATER',
LEVELS" )

WRITE (6,612) (REGNAM(IK),IK=I,8)
612 FORMAT (//,33X,16HREGULATION PLAN 98A7)

10 READ ( 7,581,END 1999 ) IRENONL, LN
581 FORMAT ( 15,13,13 )

IF ( IRENO oEQ. 2001 ) GO TO 833
IF ( IRENO .EQ. 3001 ) 00 TO 833
IF ( IRENO .EQ. 4001 ) GO TO 833
IF ( IRENO .EQ. 5001 ) GO TO 833
IF ( IRENO .EQ. 7001 ) GO TO 833
IF ( IRENO .EQ. 9001 ) GO TO 833
GO TO 832

833 DO 830 IS = 1,LEV
WRITE (6,829) (RPWL(ISIvLN)vI=3,12)

829 FORMAT (X,10(4XF6.2))
830 CONTINUE
832 CONTINUE

TDAM = 0.00
TDAW = 0.00
READ(1O1081) WEAR

1081 FORMAT( F6.3)
WRITE ( 6,604 ) WEAR

604 FORMAT ( //v50Xv1OHWEAR-OFF= ,F6.3 )
WRITE (6,605) IRENO

605 FORMAT (////,43XP28HSTAGE-DAMAGE CURVE FOR REACH 915)
WRITE (6,606)

606 FORMAT (//2X.5HSTAGE,55X,6HDAMAGE )
WRITE (6,678)

678 FORMAT (/,X,120(1H*))
WRITE (6,607)

607 FORMAT (/,16X,SHMARCH,6X,SHAPRIL,7X.3HMAY.8X,4HJUNE,7X,
# 4HJULY, 5X.6HAUGUST,2Xv9HSEPTEMBERt4Xt7HOCTOBER3X,
• 8HNOVEMBER,3X, 8HDECEMDER )

WRITE (6p678)
DO 100 IA=INL
READ(7,551) DAML(IAI)

551 FORMAT(XF6.2)
509 FORMAT( 10(FB.0))

READ(7P509) (DAML(IAID)rID=2)11)
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FIGURE A1-2(CONT'D)

WRITE(69609) (DAIIL(IAvIL) ,ILlv11)
609 FORMIAT (/u2XvF692v2X,10(2XrF9#0))
100 CONTINUE

DO 200 JX=3v12
JA = JX - 2
DAIIW(JA)=0.0
DAMM~(JA) =0.000
DO 210 JB-1,LEV
IF(RPtdL(JBiJXLN) .LE.DAML(Iul) )DAMX(JBvJA)=DAML(IPJA41)
IF(R1PWL(JBPJXYLN) .LE, DAIIL(191) ) GO TO 209
DWAT=RPWL(JBPJXtLN)*2.0
IWAT=DWAT
XWAT=FLOAT (IWAT )/2.0
NWAT =(XWAT-DAML(lil)) * 2.00 + 1
XINT=(RPhIL(JBPJXYLN)-XWAT)*2#0
DAlIX(JI'.JA) zDAML(NWATPJA+1 )+(DAML(NkIATtIPJA+1)-

DAML(NWATPJA41)) *XINT
C
C
C UPDATE TO JULY 1979 DOLLARS---
C
C AVERAGE 1975 ENR INDEX FOR PRESENT DAMAGES** 1306.
C JULY 1979 ENR INDEX FOR UPDATE OF DAMAGES: 1826.5
C FACTOR TO UPDATE = 1826.5/1306. 0 1.39855
C

DAMX(JIIJA) -DAMX(JBPJA)* 1.39855
209 DAMM(JA) = DAMM(JA) + DAMX(JBPJA)

IF (ABS(WEAR).LT*0#0001) GO TO 210
CALL DAW(RPWLPWEARDAMLJAJBvDAMWLN)

210 CONTINUE
AEAM(JA)=DAMM(JA)/ALEY
TDAM=TDAM+ ADAM(JA)
IF(ABS(WEAR)oLTo090001) GO TO 200
CALL AMD( JAPDAMWPADAWYTDAU)

200 CONTINUE
DO 267 JA=IPLEV
SUM(JA) = 0.00
DO 276 JD a 1910
SUM(JA) - SUII(JA) + DAMX(JAPJB)

276 CONTINUE
267 CONTINUE

L=0
K(1) a 1900
DO 906 1=29LEV
L=L+l

r K(l) a KCI) + L
906 CONTINUE

WRITE(6t67S)
* WRITE(6v654)

654 FORMAT(X1NH*ullOXv9HYEARLY )
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FIGURE A1-2(CONT'D)

WRITE(6y690)
690 FORMAT (//vXv6H* YEAR,7X,5H1IARCH,5XSHAPRIL96X,3HMAYv7X,

# 4HJUNE,6X,4HJIJLY,4X,6HAUGUST,3X,7HSEPTEMB,3X,7HOCTOBERI
* 3X,7HNOVEME4R,2'X,8HDECEhBER,4X,7HTOTAL * P/)
WRITE (6t678)
WRITE(6, 1002)
DO 808 ImlLEV
Ur:ITE(LY615) K(I)v (tAMX(IJA)i JA-1,10)y SUM(I)

415 FORMAT (X,1H*,ISulX,1O(F8.O,2X) ,XF8.0,X,2H *
806 CONTINUE

WRkITE(o, 1002)
WFITF(6vl002)
WRITE(6t910)(ADAM(I) ,I=1,10),TDAM

1002 FORMAT(XY1H*9118Xv1H*)
WRITE(6, 1002)

910 FORMAl(XrlH~p3Xv3HAVE vl0(F8,0v2X)wXXwFB3.0vXr2H
WRITE(6v 1002)
IF(ABS(WEAR).LT.0.0001O) TDAW=TDAM
WRITE ( 69710)Tt'AMYTE'AW

710 FORMAT(X,*',1OXP'AVE# ANNUAL DAMAGE BEFORE WEAROFF= It
*F12.00' JULY 1979 DOLLARS'v/vXv'*'v1OXv'AVE. ANNUAL'S

aDAMAGE AFTER WEAROFF= 'PF12*0v 'JULY 1979 DOLLARS')
CALL EC(TDAMPTDAbISPWPAAV)
WF:ITE(6, 1002)
WRITE(6y5000)SPW
&RITE(6, 1002)

5000 FORMAT(Xv1H*P10XP'PRESENT VALUE OF DAMAGE FOR 50 YEAR'v
*aPERIOD= It F11.0)

WRITE (6,613) AAV
613 FORMAT(/v1H*v9X,'AYERAGE ANNUAL DAMAGE FOR THE 50-YEAR'v

*F ERIOD'=* v F12#0vo JULY 1979 DOLLARS )
WRITE(6, 1000)
WRITE(6v678)

1000 FORM(6T(1H1)
GO TO 10

1999 RETURN

SUBROUTINE LAW(RPWLvWEARDAMLi JAPJDDAMWvLN)
C
C THIS SUBROUTINE CALCULATES THE MONTHLY DAMAGES AFTER
C THE MEAN LEVELS ARE ADJUSTED BY THE WEAROFF.
C

DIMENSION RPWL(7Yp12,5)p DAML(19p11)' DAMW(10)
JX = JA + 2
THRESH = RPWL(JBPJXPLN) +. WEAR
IF ( THRESH *LE, DAML(ty1) ) DAMX - DAML(19JA41)
IF ( THRESH .LE. DAMLC1,1) ) G0 TO 987
DWAT= (RPbLCJDJXYLN)fWEAR) *20
IWAT = DWAT
XWAT = FLOAT(IWAT)/2OO
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FIGURE A1-2(CONT'D)

NWAT = (XWAT-DAML(lul)) * 2.00 + 1.00
XINT = (RPWL(JBJXLN)+WEAR-XWAT) * 2.00
DAMX=DAML(NWATJA+l)+(DAML(NWAT+1,JA+1)-DAML(NWATPJA+1))

*XINT
C

C
L UPDATE 1HE DOLLARS TO JULY 1979---
C AVE. 1975 ENR INDEX FOR PRESENT DAMAGES: 1306.
C JULY 1979 ENR INDEX FOR UPDATE OF DAMAGE:1826,5
C FACTOR TO UPDATE=1826*5/1306. = 1.3?855

DAMX r DAMX * 1.39855
987 DAMW(JA) = DAMW(JA)+ DAMX

RETURN
END
SUBROUTINE AMD(JAPDAMWADAWPTDAW)

C

C THIS SUBROUTINE TAKES THE TOTAL DAMAGES FOR A MONTH
C ( AFTER WEAROFF ) AND CALCULATES THE AVERAGE MONTHLY DAM-
L 66ES. IT ALSO CALCULATES THE AVERAGE ANNUAL DAMAGES AFTER
C WEAROFF.
C

COMMON/B/REGNAM(B),LEVALEVBPWL(79t12,5),RPWL(79,125)
DIMENSION DAMW(10)p ADAM(10)

C
ADAW(JA) = DAMW(JA)/ALEV
TDAW = TDAW+ ADAW(JA)
RETURN
END1
SUBROUTINE EC(TDAMvTDAWPSPWAAV)

C
C

C THIS SUBROUTINE TAKES THE AVERAGE ANNUAL DAMAGES BEFORE
C AND AFTER WEAROFF AND CALCULATES AN AVERAGE ANNUAL DAMAGE
C FROM THE TWO. THE DIFFERENCE BETWEEN THE TWO DAMAGES IN-
C PUT ARE AMORTIZED OVER A PERIOD OF 50 YEARS AT AN INTEREST
C RATE OF 8.5%, THE PRESENT WORTH OF 50 YEARS OF DAMAGES
C IS DETERMINED AND AN AVERAGE ANNUAL DAMAGE IS CALCULATED.
C

SPW=O.O
,AAV - 0.00
DO 100 I=I,50

T=FLOAT(l)
A=(TDAW-TDAM)/50*O

D=A*T4 TDAM
PW=D/(1.085**T)
SPW-SPW Pw

100 CONTINUE
DR = 0.085
AAV a SPW*DR / (1.00 - (( 1.00 + DR )**(TT)))
RETURN
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FIGURE A2-4

CANADWI INMMDATION SrAG-DAGAE CURS

(OU., T LMMZS)

IAU WILMAI LMX ST. CLAIR

5 7 9 .5 0 .65 .5 0 .6
5o.500 0.01 576.00 19517 33
5801.0.o 0.0 376.50 91487.47
591.00 54947.34 57700 243633.91
582.00 141027.05 577.50 481723.12
s5us.%O 27877.15 579.00 794000.36 DR4
583.00 477495.15 579.50 1174699.13
593.O 0.00 579.00 1639455. V_ I
580.00 971.36 575.50 0,00
590.00 971.36 576.00 15327.01
580.50 395.45 576.50 97582.92
581.00 9272.09 03 577.00 301762.97 01
581.!0 18768.47 577.50 606.99
582.00 33798.OY 577.050 691506.98
582.50 55038.23 578.00 1232530.57
583.00 935810:L.._ 578.50 1900947.50
579.50 0.00 579.00 2699942.
580.00 686.46 575.00 o. :OL
580.!0 2745.85 575.50 4525.65

59.O24.5576.00 32584.69
581.00 6614.38 04 576.50 11569
581.140 13263.71 576.50 115609.81
582.00 23644.28 577.00 265779.14 0?
58:1.50 3147.37 577.50 476921.34583.00 5780.06 57800 74220906
579.50 .00 579.50 1061964.59
580.00 .01 575.000" '"
580.50 0.02 575.50 2306.02

576.00 23060.21
581.00 3995.80 05 576.50 96590.60 03
581.50 19850.38 577.00 220120.16592.00 49607.29 577.50 431749.97
582.50 100006.83 579.00 719430.29
593.00 173790.0Z 579.50 1077540.0 _
579.50 .00 575.50 0.00
590.00 .01 576.00 10619.09

576.50 .00923581.00 0.03 576.50 70079.38
591.00 4003 o 577.00 228771.54 04
591.50 4401.75 575 1090
592.00 17255.63 577050 516039009
59'.50 40399.71 578.00 934391.77
583.00 76034.64 _ 578.50 1479582.34

579.50 00 579.00 2163773.34

590.00 .01
580.50 .02
581.00 0.03 07
591.50 9244.24
582.00 33794.71
582.50 75761.70
583.00 133960,tL....
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LAE E

574.50 O.OT- 574.00 0.00
57%.00 3388.42 574.50 21508.82
57t.50 15345.09 575.00 78604.96
576.00 3867824 575.50 175590.19
576.50 73976.21 576.00 391318.33
577.00 122638.91 576.50 726620.38
577.50 185544.78 577.00 1214128.48 e1.e
578.00 264607.2V DR2 577.50 1872938.32 Island
578.50 364724.62 578,00 2732935.63
579.00 489191.59 578.50 3803826.03
579.50 636414.34 579.00 5175697.71
580.00 803680,74 579.50 6871659.1.j
574.50 0.00 571.00 0.00
575.00 2576.98 571.50 129.43575.50 11670.33 572.00 1347.09"576.00 29415.78 572.50 5041.37
576.50 56260,7 573,00 1129354
577.00 93270.00 573,50 19445.79 .-

577.50 141111.50 574.00 29263.07
578.00 201240.54 574,50 40939.50 05'
578.50 277382.30 DRl 575.00 54884.17
579.00 372034.97 575.50 72419.10 Tel
579.50 484009.21 576.00 9306651
580.00 611219.53 576.50 115464.85
573.00 0.00 574.00 0 "

573.50 4181.29 574.50 1849.22
574.00 18935.73 575.00 17572.05
574.50 47728.67 575.50 64125.59
575.00 91286.12 576.00 142516.51
575.50 151335.55 576.50 244747.85
576.00 228960.94 577,00 367975.00 06
576.50 326523.52 01 577.50 513593.52
577.00 450067.58 578.00 690569.62
5/7.50 603646.58 578.50 911314.16
578.00 785330.76 579.00 1174534.54578.50 991736.._ 579.50 1465494 2.,
571.50 0.00 573.00 0.00
572.00 943.44 573.50 2706.61
'72.0 5494.63 574.00 12962.59

573.00 13887.71 574.50 35850.96
573.50 25769.82 575.00 71778.06
574.00 42663.68 575.50 120085.60
574.50 65525.36 02 576.00 181278.01
575.00 95604.06 576.50 258409.01 07
575.50 134979.92 577.00 362250.10
576.00 183310.89 577.50 495356.72
576.50 238667.04 578.00 652301.14
577.00 301566.24 578.50 829327.27
570.50 0.00 571.50 0.00
571.00 19.13 572.00 48.52
571.50 166.37 572.50 194.18
572.00 453.38 573.00 463.50
572.50 857,39 573.50 885.24
573.00 1387.13 574.00 1514.41
573.50 2033.41 03 574.50 2405.74 09
574.00 2805.02 575.00 3643.33
574.50 3784.60 575.50 5315.34
575.00 4981.10 576.00 7467.72
575.50 6316.07 576.50 10149.46
576.00 7775.W _ 577.00 13418.41
574.00 0.00 574.00 0.00
574.50 3708.56 574.50 6476.07
575.00 29880.03 575.00 25914.87
575.50 104705.13 575.50 61859*40
576.00 256483.39 576.00 118144.63
576.50 486979.70 576,50 202113.32
577.00 796119.41 04 577.00 321070.73
577.50 1185227.32 577.50 486239,84 1
578.00 1661079.08 578.00 709398.11
578.50 2240134.67 578.50 996644.72
579.00 2934352.44 579.00 1354418.30
579.50 3730310.2 _ 579.50 1790926.82
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.572.50 0.00 248.00 0.00
573.00 201.04 248.50 2201.60
573.50 804.50 249.00 6902.10
574.00 1920.35 249.50 21302.39
574.50 367.66 250.00 40846.99
575.00 6274.39 250.50 75341.55
575.50 9967.26 251.00 134471.36
576.00 15094.74 12 251.50 227416.97 03
576.50 22022.12 252.00 362906.45
577.00 30939.66 252.50 551086.29
577.%0 42046.32 252.00 912

578.00 55594.11 249.00
573.50 0.00 249.50 6311.99
574.00 3348.12 249.00 2324.94
574.50 17092.63 249.00 25247.94

575.00 44705.12 250.00 122427.94

S 575.0 90173.79 250,50 223132.91
576.00 157946.67 251.00 379646.30
576.50 260949.23 251.50 625378.46 05
577.00 407543.92 13 252.00 1016311.73
577.50 601547.92 252.50 1565167,60
578.00 945409.65 15656760
578.50 113944.61 253.00 227620.Zl _244.50 0,00
579.00 1402464.i_445 0057.00 0600 245.00 1201.61
573.00 0.00 245.50 4806.44
573.50 042.12 246.00 11469.93
574.00 2867.61 246.50 21747.34
574.00 26761 247.00 40900.30
574.50 6068,34 247.50 94449.60 06
575.00 10716.26 246.00 155435.70
575.50 17068.61 248.50 253367.01S 576.00 25358.32

576.50 2358.32 249.00 399591.25
36418.09 249.50 630499.9

577.00 50751.20 245.50 0.00
577.50 68161.14 246.00 605.90
579.00 0990.36 246.50 2423.19

57850 113088,08 247,00 5782.61
572.50 10.00 247.50 11032.95

572.50 106.93 249.00 29390.34 07
248.50 62719.20

573.50 941.82 249.00 106905.55
574.00 1759.13 249.50 161737.64
574.50 2937.65 250.00 227771.40
575.00 450.0575,00 4502.09 250.50 305119*t_

.400 6573.77of
576.00 9309.42 248.50 45192.31

576.50 12716.49 249.00 161464.50
577.00 16902.54 249.50 434162.19
577.50 21607.01 250.00 349172.94 06

250.50 1445269.96
251.00 221157881

I 251.50 3209539.73
252.00 4614462.25
252.50 6526943.73

253.00 9000853,!2...._.

245.00 0.6" 24.00 0.00

245.50 345.03 249.50 70472.97

246.00 1390.10 249.00 281304.62

246.50 3293.43 249.50 67093474

247.00 5935.69 250.00 1319004.76

247.50 9369.02 250,50 2236286.95 09
248.00 13449.27 251.00 3419647.62

248.50 19475.39 01 25200 696277923
249.00 24733.01
249.50 32195.32 252.50 926770322

250.00 40601 . 253.00 1212452#04

245.00 0.0 247.00 0.00

245.50 292951 247.50 15665.46
249.00 62661.35'246.00 ll70o02

246.50 279.05 248.50 149533.95

246.50 2790 249.00 23492657

247.00 5327.42 249.50 477034:51 1247.50 6964.35 250.00 734952.5624.00 13866.31 02 250.50 1079068.58

249.50 20415.55
24V.00 29025.35 25100 1528094.57

249.50 39633.37 251.50 2092051.19

250.00 52967,58 A2-50 252.00 277563496
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CANAWIAN ISIfTORICAL STORM RISE DATA

20 PORT WELLEN
39 67 71 110 94 36 96 62 44 31 43 23 1976
48 42 57 110 27 20 39 34 29 20 20 33 1975
42 73 27 40 87 66 76 48 57 53 27 31 1974
64 27 149 76 42 29 66 48 49 41 39 47 1973
t1I 39 40 58 23 25 13 26 53 49 36 55 1972
44 49 46 51 20 12 23 32 32 41 5 73 1971
30 29 59 66 39 32 20 50 27 31 36 48 1970
47 30 32 60 47 24 41 53 46 38 38 31 1969
41 34 62 35 43 51 24 32 28 41 41 53 1968
64 47 39 53 49 38 23 27 41 32 47 43 1967
53 34 33 39 30 21 24 21 33 34 51 35 1966
55 62 55 6- 38 33 30 17 23 23 55 27 1965
7 47 79 73 41 27 34 36 47 60 44 43 1964

42 55 69 60 51 24 27 34 78 50 41 40 1963
57 43 51 69 41 25 28 31 39 26 41 60 1962
43 33 46 67 39 16 25 32 33 32 31 41 1961
48 62 49 13 28 24 44 38 51 36 34 32 1960
42 33 49 42 19 25 41 33 41 31 20 44 1959
26 36 20 34 21 16 21 23 20 30 33 28 1958
25 25 27 30 20 50 27 38 30 36 33 41 1957

20 TORONTO
53 80 90 73 32 35 49 48 44 39 41 35 1976
48 73 62 44 25 32 46 36 44 39 29 49 1975
48 40 33 48 50 23 43 44 57 55 57 31 1974
69 25 60 39 21 25 51 48 49 43 48 50 1973
64 43 42 60 26 28 12 28 51 55 4X 78 1972
55 55 51 64 19 30 34 41 28 38 51 64 1971
34 33 60 75 48 41 21 47 31 38 39 44 1970
47 39 34 64 50 32 44 50 49 43 42 39 1969
49 33 67 39 43 57 25 42 33 44 39 58 1968
92 47 38 51 42 42 21 43 40 35 39 51 1967
67 36 36 43 40 31 30 33 41 41 57 58 1966
60 67 62 73 41 57 32 29 32 31 67 34 1965
69 53 73 73 60 35 42 49 51 66 49 49 1964
49 64 69 69 53 44 27 39 60 55 39 51 1963
76 49 55 73 55 51 33 39 46 33 50 55 1962
43 46 48 71 145 34 33 40 41 40 40 43 1961
46 71 47 80 32 31 50 42 49 42 33 34 1960
40 33 53 49 20 32 30 31 53 39 25 53 1959
33 41 25 31 16 20 24 28 23 24 33 26 1958
24 25 26 33 29 32 26 33 21 33 25 44 1957

20 COSOURO
53 75 103 46 25 26 41 47 55 34 43 25 1976
47 69 53 33 23 33 39 41 40 26 43 30 1975
66 27 71 60 106 34 71 58 57 47 69 33 1974
42 24 53 41 34 30 51 50 53 71 48 46 1973
92 36 41 53 26 25 19 36 49 44 39 76 1972
41 38 42 51 20 24 31 34 25 25 42 67 1971
20 21 38 58 42 23 26 35 33 30 34 46 1970
64 42 31 64 36 16 30 50 57 41 26 20 1969
33 30 60 34 42 39 28 36 10 34 41 67 1968
46 64 32 43 36 31 29 38 3!9 '27 34 48 1967
48 34 62 62 39 27 33 33 ' 41 47 1966
60 55 51 60 39 35 32 27 Z 89 40 1965
78 46 60 76 57 69 35 59 c'- 69 90 1964
51 62 71 76 62 79 36 55 5' 51 55 1963

118 90 79 82 110 103 51 53 50 3r, 27 39 1962
50 60 92 100 62 47 35 41 43 82 94 67 1961
53 71 36 135 53 73 49 41 57 92 46 53 1960
114 114 75 94 60 44 89 32 62 11t 106 73 1959
53 49 24 90 36 46 40 71 51 69 60 38 1959
43 40 51 62 53 71 43 66 51 51 102 109 1957

13 BAR POINT
70 61 69 61 47 54 47 66 16 42 46 47 1979

165 17 131 96 102 34 95 55 67 33 75 120 1978
13U 59 123 92 128 57 79 89 44 104 95 202 1977
160 129 134 119 79 97 51 67 73 94 91 149 1976
136 139 145 136 30 44 73 136 124 160 178 117 1975
131 142 199 192 309 60 47 44 79 92 142 160 1974
226 140 120 234 165 243 35 33 107 96 129 164 1973
121 96 135 175 65 69 97 140 100 114 276 138 1972
177 166 129 115 94 175 69 100 76 104 159 242 1971
104 92 193 163 37 96 00 96 146 94 165 248 1970
107 153 125 171 94 00 00 66 113 125 75 167 1969
115 107 131 39 162 171 103 35 9 103 217 16 196237 206 115 104 136 100 6A 92 129 171 153 167 1967
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15 KINGSVILLE
148 85 142 100 154 95 66 94 72 125 132 136 1977
138 118 163 159 102 73 60 80 98 87 83 124 1976
122 117 190 147 62 69 99 111 132 159 163 138 1975
128 122 146 175 117 62 80 71 87 0 156 218 1974
157 100 120 199 83 188 60 53 82 128 113 139 1973
109 97 125 125 75 60 55 00 89 78 235 121 1972
167 160 125 87 9? 164 80 94 51 00 114 189 1971
106 66 149 146 92 100 85 92 113 71 153 196 1970
102 26 94 145 71 60 98 75 98 143 69 139 1969
98 100 125 67 92 80 00 73 96 76 215 104 1968
153 142 89 71 92 83 55 82 94 145 125 132 1967
174 60 139 257 82 107 114 80 132 114 138 145 1966
215 139 215 100 71 115 83 79 89 161 149 110 1965
293 69 256 103 94 110 80 104 80 104 115 182 1964
118 64 111 128 96 182 82 92 129 96 107 132 1963

19 ERIEAU
52 42 93 66 70 63 81 49 52 107 61 77 1977
51 92 95 107 55 57 49 40 44 48 p1 50 1976
58 57 73 73 41 51 41 64 55 57 62 71 1975
160 48 67 53 49 50 69 39 49 67 73 115 1974
67 38 304 73 139 73 39 39 51 62 64 60 1973
55 33 53 69 26 32 27 00 00 48 132 82 1972
91 80 50 64 62 43 50 40 28 28 57 71 1971
75 38 85 71 62 57 36 48 47 46 75 87 1970
51 28 46 103 64 51 46 39 49 66 41 73 1969
67 46 92 69 69 96 40 42 49 46 110 87 1968
94 82 44 47 41 60 30 42 41 71 60 73 1967
76 33 46 118 43 66 39 53 62 69 73 73 1966

103 73 87 47 36 49 47 51 53 67 57 62 1965
78 25 104 83 44 44 51 67 33 53 62 71 1964
71 36 87 76 69 76 60 55 71 41 55 71 1963
103 53 66 64 53 71 60 60 66 64 87 71 1962
49 69 69 94 39 67 41 80 78 58 64 64 1961
85 75 51 76 51 67 67 51 87 71 51 62 1960
43 32 87 98 71 47 58 40 53 64 64 94 1959

20 PORT STANLEY
60 95 100 38 60 67 71 66 64 69 66 57 1976
107 117 89 87 55 69 49 60 62 47 142 122 1975
109 64 85 66 57 66 120 102 41 60 125 57 3974
71 41 76 91 55 87 98 83 00 57 100 87 1973
97 67 103 94 69 49 78 66 00 87 85 83 1972
96 117 79 96 104 146 73 103 73 62 115 142 1971
62 53 163 161 82 89 87 62 100 73 117 121 1970
99 53 69 92 115 83 167 69 55 87 109 85 1969
55 64 99 118 62 53 82 110 85 71 114 142 1968
76 153 55 87 55 57 28 46 00 118 78 117 1967
91 80 80 67 66 64 80 75 85 100 113 110 1966

145 83 115 85 60 43 64 78 82 82 185 69 1965
161 51 192 94 83 107 76 121 60 83 121 80 1964
75 41 89 00 00 138 53 89 89 85 82 98 1963
163 60 66 106 89 78 82 82 98 98 102 82 1962
64 69 62 115 51 57 80 167 146 82 107 107 1961
66 99 74 99 71 85 67 98 60 125 100 67 1960
118 57 143 "121 78 49 85 57 82 104 92 60 1959
127 53 26 94 48 76 64 102 87 82 159 80 1958
67 41 94 119 107 107 131 111 79 0 188 114 1957

19 PORT DOVER
220 133 206 156 93 92 119 e5 201 177 188 315 1977
175 170 279 192 120 90 107 114 152 153 132 168 1976
204 237 181 214 60 97 62 67 91 94 403 00 1975
210 142 207 192 121 103 76 95 146 100 271 197 1974
221 117 201 194 90 92 99 110 100 138 295 226 1973
303 167 99 96 79 59 94 110 96 139 203 232 1972
299 197 270 163 129 146 79 102 00 127 172 405 1971
197 93 279 259 124 100 119 92 201 138 315 259 1970
195 117 132 111 239 92 147 102 80 139 231 179 1969
201 160 140 142 110 117 76 107 98 171 278 292 1969
165 466 107 167 91 103 73 124 110 546 234 226 1967
209 147 136 115 102 94 89 110 169 254 315 201 1966
376 253 165 172 96 96 143 135 125 199 425 114 1965
276 140 359 129 15 10f 102 107 160 175 406 171 1964104 92 164 156 97 152 134 125 104 127 220 250 1963
239 229 " 161 127 89 142 69 145 125 220 231 1962122 139 114 212 79 134 62 121 273 100 229 M8 1961
00 206 102 105 127 135 140 69 94 142 192 150 1960

A2- 61



20 PORT COLBIORNE
195 140 188 71 159 92 103 121 147 190 135 170 1976
t1 345 291 310 100 118 76 92 107 121 408 422 1975

321 235 279 26? 142 140 91 131 221 139 393 273 1974
312 161 273 204 98 128 128 71 122 185 415 310 1973
474 253 256 132 94 71 132 160 143 192 317 350 1972
412 237 295 152 164 189 104 160 104 186 220 461 1971
265 121 376 329 150 142 164 117 293 237 384 301 1970
265 136 172 135 345 129 168 124 120 179 290 212 1969
276 203 199 192 175 125 103 134 139 214 3;6 496 1969
228 669 132 226 129 138 99 214 128 586 214 299 1967
265 199 161 132 143 143 113 127 260 301 440 .254 1966
488 334 217 243 114 143 175 177 150 225 537 154 1965
354 181 436 160 223 122 114 128 221 246 500 223 1964
331 78 178 220 110 189 197 147 254 153 307 331 1963
337 300 96 223 171 103 181 104 229 174 276 298 1962
177 195 103 232 115 199 98 177 320 134 300 382 1961
256 240 139 281 167 192 196 145 111 174 264 240 1960
415 146 469 312 104 75 197 98 132 290 267 181 1959
395 135 66 306 103 150 161 138 232 256 348 220 1958
207 121 159 207 154 282 87 186 209 220 540 196 1957

20 GODERICH85 76 96 51 64 41 50 46 92 92 51 67 1976

82 98 76 78 44 36 50 38 50 76 82 82 1975
117 114 67 53 38 55 49 58 67 78 73 55 1974
71 50 114 43 71 60 35 55 60 134 83 53 1973

110 100 76 49 40 41 36 36 60 122 58 67 1972
177 62 76 87 64 82 53 125 80 82 111 128 1971
S5 73 104 98 96 76 60 53 139 89 143 164 1970
lit 100 76 79 69 05 60 76 67 107 a? 113 1969
111 113 82 62 62 121 62 150 78 107 124 121 1968
106 117 97 100 67 128 60 51 85 128 111 85 1967
96 87 97 95 71 82 60 67 76 110 114 87 1966
9 117 49 78 60 00 00 00 00 136 117 83 1965
9L 67 120 69 92 79 73 60 87 110 96 107 1964
73 60 120 69 92 78 73 60 87 110 96 107 1963

100 62 42 71 53 67 62 66 85 67 67 100 1962
78 76 76 64 53 60 40 60 85 73 89 104 1961

103 69 64 107 53 53 67 51 89 114 100 110 1960
A6 76 76 V4 55 4t 82 57 78 96 83 102 1959

100 96 32 62 51 55 51 62 76 103 172 89 1958
17U 92 71 64 53 73 80 57 83 53 104 92 1957

20 KINGSTON
69 28 100 39 53 26 69 55 44 82 153 66 1955
69 60 114 57 30 44 48 42 64 184 60 78 1954
82 115 107 50 62 55 48 47 58 50 85 87 1953
89 46 64 41 42 48 34 69 57 94 71 58 1952
96 59 106 78 23 49 49 92 66 78 87 94 1951

220 107 82 53 33 32 51 55 44 82 92 64 1950
114 60 51 60 25 28 33 40 121 76 78 89 1949
71 62 113 73 41 24 51 42 47 71 80 73 1949
96 57 152 69 115 41 36 42 90 51 80 95 1947
97 90 91 93 36 49 50 73 64 39 79 117 1946
lO 51 134 66 82 48 41 38 48 57 57 57 1945
51 76 53 57 41 43 41 34 89 46 41 69 1944
83 62 96 66 76 31 44 51 62 55 67 67 1943
121 83 85 .41 53 39 40 42 66 60 87 125 1942
66 53 85 73 25 41 41 50 92 76 67 80 1941
78 44 67 92 9? 57 31 57 46 46 99 60 1940
92 98 !3 75 34 38 57 57 94 76 100 57 1939
53 41 67 55 47 49 30 90 79 31 64 113 1938
104 113 26 76 57 25 42 51 78 67 114 80 1937
96 109 131 55 66 47 32 44 39 62 98 95 1936

t6 BELLE RIVER
15 25 95 86 99 56 55 44 31 70 64 79 1977
47 104 39 92 44 27 43 49 47 94 54 52 1976
4b 40 70 113 20 35 29 33 36 60 83 46 1975
60 00 79 63 47 39 54 33 51 73 48 98 1974
70 62 90 45 00 43 44 35 43 50 65 00 1973
37 00 52 52 42 104 26 37 00 53 90 33 1972
74 57 59 00 62 122 59 123 60 69 69 106 1971
65 60 55 96 00 65 59 47 49 59 94 123 1970
67 52 53 81 76 42 93 68 55 36 00 53 1969
67 72 90 102 58 102 19 109 56 57 44 66 1968
50 60 40 64 55 64 69 64 75 58 59 90 196765 46 53 68 77 50 55 70 73 59 199 93 196693 176 49 53 32 45 100 65 57 84 81 160 1965

119 52 120 70 91 90 79 56 75 69 67 40 1964
105 20 97 140 104 190 49 95 109 79 78 42 1963
100 61 60 92 70 112 61 66 62 72 101 76 1962
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16 LA SALLE
243 265 274 226 177 179 170 196 189 228 249 320 1977
2%6 260 268 234 206 194 199 209 224 229 229 254 1976
302 237 297 253 167 201 201 260 254 285 304 230 1975
262 243 256 268 228 189 209 212 237 00 00 339 1974
292 239 237 296 213 00 00 00 226 277 Z2 270 1973
262 249 00 257 18 199 202 00 00 224 00 00 1972
205 00 159 158 140 146 00 00 00 114 00 180 1971
192 213 212 272 199 209 213 219 239 216 277 199 1970
271 194 232 243 206 181 00 206 226 263 217 249 1969
227 229 244 201 298 274 209 211 218 245 314 292 1969
303 235 208 214 217 205 205 207 234 243 251 251 1967
00 00 00 00 00 195 219 224 294 271 266 269 1966

299 224 187 186 00 00 195 214 240 298 278 271 1965
341 159 00 209 199 202 194 251 241 291 277 274 1964
265 188 260 253 217 209 238 216 267 212 230 264 1963
00 00 206 229 226 354 244 231 227 228 258 293 1962

16 AMtERSTDURG
210 210 271 193 263 191 170 170 00 222 219 294 1977
213 224 249 243 186 174 166 193 192 193 196 224 1976
216 210 286 241 145 171 171 224 223 259 267 240 1975
00 00 233 256 207 157 174 169 196 180 263 317 1974
00 00 00 276 375 263 153 149 186 245 214 232 1973

225 193 216 227 157 159 164 204 180 191 314 192 1972
267 252 205 191 146 219 175 00 00 00 00 281 1971"
147 170 251 240 163 174 00 183 214 193 :43 281 1970
227 156 199 222 172 151 00 168 195 230 177 228 1969
192 194 220 176 262 244 176 174 182 258 294 262 1969
296 236 176 182 192 170 158 267 00 220 230 218 1967
00 00 00 00 00 142 182 183 273 236 235 306 1966
264 193 300 189 142 202 180 171 186 256 242 234 1965
334 137 274 179 161 165 156 194 172 206 214 247 1964
197 156 220 229 181 210 195 175 229 176 214 243 1963
00 00 175 178 179 207 202 186 181 187 236 25i 1962

17 BURLINGTON
147 92 122 70 43 36 27 43 67 81 73 93 1977
97 91 85 58 41 39 49 51 48 40 50 37 1974
63 00 119 97 41 37 296 41 51 56 50 75 1975
122 83 122 92 60 22 56 60 98 63 56 91 1974
101 73 74 268 35 39 59 58 56 60 61 99 1973
90 54 91 50 41 53 39 44 59 62 103 107 1972
79 109 70 66 27 23 42 38 41 47 66 145 1971
36 37 104 81 48 00 00 00 00 00 00 00 1970
56 50 75 83 53 48 49 53 51 60 00 65 1969
53 50 67 56 74 57 29 52 37 52 80 125 1968

166 65 53 58 54 46 24 42 44 53 55 90 1967
76 69 66 93 63 64 37 45 72 66 72 98 1966
79 111 119 79 47 49 41 37 40 54 97 76 1965
90 96 151 91 61 00 00 76 58 00 66 134 1964
00 74 112 86 59 37 33 39 87 00 47 84 1963
133 131 62 79 69 69 52 50 105 48 112 104 1962
92 97 116 82 50 42 34 49 54 42 62 73 1961

20 TECUNSEH
0 0 108 *62 95 59 58 24 43 67 39 94 1977

62 0 47 119 43 24 59 44 50 57 60 33 1976
53 47 72 62 27 37 29 61 49 72 36 57 1975
46 61 65 67 50 45 31 33 57 33 69 105 1974
56 31 91 99 45 46 37 22 31 59 47 39 1#73
0 0 0 79 34 34 25 28 32 41 107 53 1972
66 57 53 32 31 37 42 33 29 0 0 0 1971
54 53 90 101 39 44 29 34 32 33 49 65 1970
0 48 55 65 58 0 38 35 33 0 33 0 1969

69 63 0 42 79 102 42 51 27 55 96 52 1966
96 47 50 35 36 39 32 30 49 49 39 66 1967
92 53 63 142 51 35 37 37 69 42 77 65 1966
99 77 121 45 39 41 39 47 37 60 49 96 1965
111 0 0 0 0 46 40 46 51 47 40 76 1964
106 22 91 81 58 69 45 45 85 36 58 56 1963
105 59 64 40 40 66 40 45 60 47 74 60 1962
36 69 95 66 40 70 47 34 43 49 51 66 1961
92 76 91 50 49 53 29 29 99 45 76 60 1960
63 25 93 35 42 49 42 51 53 55 74 59 1959
115 42 49 72 38 42 28 40 57 42 69 71 1958

A2. E



ANNEX A3

DERIVATION OF FLOW-DAMAGE CURVE

FOR THE CANADIAN REACH OF THE ST. LAWRENCE RIVER
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TABLE 4v4 CIA\CTRIST1C POINTS OF ME FR13QUENCY

DISRIBUTIO.\S OF ITE OITAWA RIVER AND LOCAL INFLOWS

Frequency Ottawa River Local Inflow
at Carillon
(in cfs) (in cfs)

.99 303 225 17 121

.98 110 111 20 200

.95 121 553 25 525

.90 132 924 31 035

.80 148 463 38 677

.50 184 696 56 193

.20 231 982 76 929

.10 262 282 88 668

.05 290 887 98 627

.02 327 473 109 913

.01 354 842 117 414

43-29



DERIVATION OF TABLES A3-24 and A3-25

As an example, consider the derivation of the expected damages for an inflow at
Cornwall of 250.000 cfs and a local inflow of 60,000 cfs. Table A3-22 lists the
damages that would occur for these conditions with varying Ottawa River flows,
while Table A3-23 lists the probabilities of selected C--.wa Riv*erAlows. )q

Based on this information, the expected damages were calculated for-Cornwall and
local inflows of 250,000 ofs and 60,000 cfs repsectively by the following method.

OTTAWA RIVER DAMAGES AVERAGE DAMAGES FREQUENCY OF FREQUENCY OF EXPECTED DAMAGES
FLOW AT ($000) FOR INTERVAL EXCEEDANCE OF OCCURANCE OF AT INTERVAL
CARILLON ($000) OTTAWA RIVER INTERVALS ($000)
('000 cfs) FLOW

350 42784 .011
26547.0 .027 716.8

300 10310 .038
6482.5 .092 596.4

250 2655 .130
1737.0 -250 434.3

200 819 .380
537.5 .410 220.4

150 256 .790
173.0 .203 35.2

100 90 .993

Therefore the total expected damages for the given Cornwall and local inflow conditions
is the suumation of the right column, which is $2,003,000. This value is included

*- in Table A3-24 for the given low conditions. However, this value also applies for anyl(
other combination of Cornwal an' local flows totalling 310,000 cfs. Thus damages
of $2,003,000 are given in Table A3-24, for flow conditions of 270 and 40, 290 and 20,
and 310 and 0 thousand cfe for Cornwall and local Inflows respectively.

A similar exercise was completed for other flow combinations to obtain all of the
values given in Table A3-24.

This computational method was repeated using the damages listed in Table A3-24 and the
probabilities of local inflow given in Table A3-23. The result of this was Table
A3-25, which tabulates damages for given Cornwall flows. This table was used for
evaluating the regulation plans. 0,4k
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TABLE A3-25

CORNWALL MiFLOW - DAMAGE CURVE

QUEBEC REACH, ST.LAWRENCE RIVER

0% T
CORNWALL IWFLOW DAMAGES
(in '000 cfs) ($'000. July 79)

180 598
185 654
190 717
195 785
200 859
205 941
210 1031
215 1129
220 1236
225 1354
230 1481
235 1623
240 1778
245 1947
250 2132
255 2335
260 2557
265 2800
270 3067
275 3358
280 3678
285 4028
290 4411
295 4830
300 5290
305 5793
310 6344
315 6948
320 7608
325 8332
330 9125
335 9993
340 10943
345 11984
A30 13124

AS- 32
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ANNEX A6

CONVERSION FACTORS

(BRITISH TO METRIC UNITS)

I cubic foot per second (cfs) - 0.028317 cubic metres per second (cms)

1 cfs-month = 0.028317 cus-month

1 foot - 0.30480 metres

I inch = 2.54 centimetres

1 mile (statute) a 1.6093 kilonetres

I ton (short) - 907.18 kilograms

1 square mile - 2.5900 square kilometres

1 cubic mile - 4.1682 cubic kilometres

Temperature in Celsius: *C - (*F - 32) X 1.8

1 acre-feet = 1,233.5 cubic metres

1 gallon (U.S.) - 3.7853 litres

1 gallon (British) = 4.5459 litres
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